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Frontispiece: Characteristic features of the forest floor on South East Island (Rangatira), 
Chatham Islands. Burrowing exposes roots both above and below ground. The unstable soil 
moves downslope mounding around the base of tree trunks. Canopy trees are Plagianthus 
chathamicus and understorey species are Myrsine chathamica and Macropiper excelsum 
 (Photo: C.M. Roberts). 
Abstract of a thesis submitted in partial fulfilment of the 
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THE EFFECTS OF BURROW-BREEDING SEABIRDS 
ON THE FORESTS OF SOUTH EAST ISLAND 
(RANGATIRA),  
CHATHAM ISLANDS.  
by Cynthia M. Roberts 
South East Island, (Rangatira), Chatham Islands (44°20`S, 176°10`W) is a 
globally significant bird sanctuary. Rare and endangered terrestrial and seabird 
species breed in the forests and are dependent on the quality of the habitat that the 
forests provide for their ongoing survival. Until now, no permanent measures had 
been put in place to monitor the quality of habitat or changes in forest structure and 
composition since the island became a reserve in 1954. It is one of the most heavily 
burrowed seabird islands in New Zealand (> 3 million birds). Most seabird island 
research has focused on the positive effects of high marine nutrient inputs by 
seabirds, but little quantitative work has been undertaken to assess the negative 
impact of burrowing seabird disturbance on forest dynamics or the role of canopy 
gaps in regeneration on seabird islands.  
 This study had four goals: (1) to describe the current forest structure and 
composition, (2) to examine the impact of seabirds on seedling regeneration (3) to 
examine the importance of canopy gaps for forest regeneration (4) to establish 
methods for permanently monitoring the island’s forests.  
Five forest communities were described from a cluster analysis of 40, 100 m2 
plots randomly located across the island: Plagianthus Forest (30%), Mixed Forest 
(30%), Plagianthus/Melicytus Forest (25%), Plagianthus/Myrsine Forest (7.5%) and 
Coprosma-Olearia Forest (7.5%). The four main canopy species showed very 
different size-frequency distributions that will have important implications for future 
forest regeneration patterns. Tree ages from increment cores indicated that most of 
i 
the present forest had regenerated after farming ceased in the 1960s creating an even-
aged, even-canopied forest. 
Exclosures (0.25 m²) to exclude seabirds were established in 30 of the forest 
plots. After nine months, seedling establishment was significantly greater where 
seabirds were excluded. Canopy cover was not a significant factor in seedling 
regeneration within the forest, and while there was a trend toward forest community 
influencing seedling species and density in the exclosures, this was not statistically 
significant.  
A canopy gap survey located 14 small canopy gaps (0.73% of the 6 ha sample 
area). Seventy-one percent of the gap makers on South East Island were mature 
Olearia traversii trees, survivors from old forest cleared for farming but now rare in 
the forest. The most common form of treefall was uprooting (71%). Exposure to the 
southerly wind, proximity to sea and forest edge were site factors that affected the 
frequency of treefall. Woody seedling regeneration in gaps was significantly higher 
than in adjoining controls. Burrow density was conversely much lower in gaps 
compared to controls, indicating that seabirds are negatively affected by gaps.   
While regeneration is not taking place within the forest, it is within the 
canopy gaps. Further research is needed to determine whether canopy gaps in fact 
lead to long-term regeneration, particularly in small gaps where canopy closure may 
be fast, or whether forest regeneration is confined to the few very large and 
infrequent gaps recorded on the island.   
Given the even-aged forest, dense burrowing and disturbance to seedlings, 
strategies to encourage regeneration should be put in place. These are needed to 
ensure over the long-term sufficient quality forest habitat continues to be available 
for the rare and endangered species dependent on it should a blow down occur. With 
this in mind the study concludes with eight recommendations for ongoing monitoring 
and management of South East Island’s forests.  
 
Keywords: seabird burrowing, seabird trampling, forest structure, forest 
composition, forest community, seedling disturbance, regeneration, canopy gap, 
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Plate 1. Some of the rare forest dwellers on South East Island (Rangitira). 1.
Chatham Island snipe (Coenocorypha pusilla) 2. Weta (Novoplectron serratum), 3.
Chatham Island tomtit (Petroica macrocephala chathamensis) 4. Black robin
(Petroica traversi), 5. Chatham Island skink (Oligosoma nigriplantare nigriplantare)
6. Chatham island red-crowned parakeet (Cyanoramhus novaezelandiae
chathamensis). Photos: 1,4. C.M. Roberts, 2,3,5,6. P. Knightbridge.
Chapter 1 Introduction 
1.1  Background 
Islands are globally significant as refugia for endemic species and biological 
diversity.  While islands comprise only 3% of the total landmass of earth, they 
provide the only home for 15% of plants and birds. They appear to have a 
disproportionate share of all endangered and recently extinct species. For instance, 
island plants and island birds are respectively 2.5 times and 2.7 times more likely to 
be endangered than continental ones (Whittaker, 1998). The fact that the fate of 
island species will disproportionately influence global biodiversity puts the focus 
increasingly on how to protect them from further declines and how to restore 
modified islands as self-sustaining sanctuaries (Simberloff, 2000; Towns, 2002).  
New Zealand offshore and outlying islands have successfully served as 
refugia for threatened species in the midst of declines and extinctions on the 
mainland (Towns et al., 1997). For example islands are now strongholds or refuges 
for 6% of New Zealand terrestrial vascular plants (Atkinson, 1989a), 37% of lizards 
(Daugherty et al., 1994) and almost all procellariiform seabirds (Robertson, 1985). 
Despite more than a century of scientific study, however, we still have little 
understanding of the ecological relationships within biological communities that 
occur on New Zealand islands (Daugherty et al., 1990), particularly ecosystems of 
seabird islands. Millions of seabirds forage in the nutrient rich waters of the Southern 
Ocean and converge on these islands to breed. They appear to function as a keystone 
species supporting high biological diversity (Daugherty et al., 1990) and through 
nutrient inputs and burrowing activity, that aerates the soil and deposits guano and 
carcasses, drive vegetation succession (Gillham, 1960b).   
The Chatham Islands are probably New Zealand’s outstanding group of 
seabird islands in terms of the endemism in their flora and fauna. For example 11% 
of their total vascular flora is endemic, 11 of the 12 forest tree species are endemic 
(Given and Williams, 1985), and 42% of the species/subspecies of their indigenous 
birds (including 11 of the 12 forest-dwelling birds) are endemic (Atkinson and Bell, 
1973; Atkinson, 1989b). Yet the Chatham Islands are probably the worst example 
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among New Zealand’s outlying islands of the loss of indigenous biota through 
human impact (Given and Williams, 1985; Molloy and Dingwall, 1990). 
Concern over these declines led in 1954 to South East Island (Rangatira), the 
third largest island (218 ha) in the Chatham Island archipelago, being declared a 
reserve. It was free of introduced predators and though cleared for farming 
substantial forest remnants remained. These forest remnants (now regenerated to 
cover around 50% of the island) support a number of rare endemic terrestrial birds: 
the black robin (Petroica traversii), Chatham Island tui (Prosthemadera  
novaeseelandiae chathamensis) Chatham Island snipe (Coenocorypha pusilla) and 
Chatham Island tomtit (Petroica macrocephala chathamensis) as well as more rare, 
but still widespread species, such as Chatham Island red-crowned parakeet 
(Cyanoramhus novaezelandiae chathamensis), the Chatham Island warbler 
(Gerygone albofrontata) and the Chatham Island fantail (Rhipidura fuliginosa 
penita) (Plate 1).  
Sharing the forests on South East Island are around three million burrow-
breeding seabirds: five species of petrel (Procellariiformes) and the Chatham Island 
Blue Penguin (Eudyptula minor). As a sanctuary it ranks amongst the most important 
of islands in the southern hemisphere (West and Nilsson, 1994) and has acted as an 
ark for the many threatened species in the region and a springboard, in some cases 
the only remaining springboard, for restoration of ecological communities elsewhere 
in the Chatham Islands.  The focus of research to date has been on threatened single 
species management such as the Chatham petrel (Pterodroma axillaris), black robin 
and shore plover (Thinornis novaeseelandiae). However even with a threatened 
extinction, management practices are increasingly recognising that a single species 
management approach may mean that the larger picture is lost, unwittingly 
compromising other species dependent on the same habitat.   
A lesson in habitat vulnerability and the ensuing threat to a species survival 
can be learnt from nearby Little Mangere Island, where the forest collapsed, leaving 
the black robin vulnerable to extinction (Butler and Merton, 1992). The factors that 
came together on Little Mangere could possibly be present on South East Island. 
These include frequent storms and the high density of burrowing seabirds whose 
activities inhibit young seedling establishment and undermine soil and tree stability. 
The forests of South East Island – the habitat for these rare and endangered 
species - have not been studied, thus an understanding of the existing forest 
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composition structure and dynamics are a crucial first step to ensuring a quality 
habitat is maintained on this significant island refuge.    
1.2  Research on monitoring changes in indigenous forests 
A number of approaches have been developed to monitor change in 
indigenous forests for conservation purposes, and to increase our understanding of 
ecological processes. Cockayne and Calder (1932) were the first to publish 
descriptions of the changes in plant communities in New Zealand based on 
observations from permanently marked sites.  Permanent plots have long been 
recognised as a robust approach for gaining insight of changes in New Zealand 
vegetation. Their purpose has generally been to determine the effect of introduced 
browsing animals (Stewart and Burrows, 1989; Duncan et al., 2001; Wardle et al., 
2001). This is beginning to change as their usefulness for answering a whole range of 
ecological questions is rediscovered (Allen, 1993; Wiser and Rose, 1997; Wiser et 
al., 2001).   
Compared to the mainland, the National Vegetation Survey databank (NVS) 
reveals that few permanent plots have been established on any of the 700 New 
Zealand inshore or outlying islands, particularly forested seabird islands, and fewer 
on islands where indigenous biota (such as burrowing seabirds) are driving 
vegetation changes. In the Chatham Islands regular surveys have been carried out on 
Pitt Island since permanent plots were established in 1980 (Walls and Scheele, 1995; 
Reynolds et al., 2002) and more recently on main Chatham (Walls, 1997). However, 
similar monitoring procedures have not been established on South East Island, 
(though it appears attempts were made, A. Davis, 2002, pers. comm.) which is 
surprising, given the intense interest in the rare and endangered forest birds.   
An additional tool in vegetation monitoring is the use of photo points, this 
complements quantitative measurements and has been proven useful for comparison 
over time, for example, changes in canopy composition, understorey regrowth, weed 
invasions and regeneration of pasture (Mark, 1978; Elwood, 1997; Walls, 1997; 
Handford, 2000; Reynolds et al., 2002). These are areas of interest on South East 
Island. In the process of conducting a vegetation survey on South East Island 
establishing permanent plots and photopoints would be essential for ongoing 
monitoring of the island’s changing vegetation and along with permanent plot data 
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would contribute to the work of Allen et al. (2003) in developing a forest 
biodiversity monitoring approach for New Zealand.  
1.3  Seabird island populations 
Warham (1996) suggests that in the Southern Ocean, suitable islands for 
burrow-nesting seabirds seem to be in short supply, particularly in the Pacific Ocean 
sector. Those within range of adequate food may carry huge populations of many 
species (Smith, 1976; Siegfried, 1981; Osunkjoya et al., 1992; Warham, 1996). The 
Chatham Islands, surrounded by nutrient-rich waters is a rich feeding ground for 
seabirds (Schiel, 1996), but as Warham suggests (1996) suitable nesting space may 
be limited. Although burrowing seabirds can be solitary at sea, when on land they are 
seldom dispersed beyond the sight or hearing of con-specifics (Warham, 1996).  
Most are philopatric and, especially after they have bred, they seldom shift between 
colonies which can continue to grow to the point of saturation (Warham, 1990). 
Historically, burrow-breeding seabirds have bred at mainland sites in many 
parts of New Zealand. Today predators and changing land use have removed seabirds 
from most former mainland sites as well as many of the surrounding islands. This is 
true also in the Chatham Islands, where on main Chatham, predators such as rats 
(Rattus rattus, R. norvegicus and R. exulans) and cats (Felis catus) appear to have 
decimated the seabird populations.  The fact that Chatham petrel sub-fossil deposits 
of recent age have been found on Mangere, Chatham and Pitt Islands (Tennyson and 
Millener, 1994) lends weight to the argument that these islands were past breeding 
sites, but are no longer suitable, having been modified by land use and predators.  
South East Island is one of the few predator-free islands in the Chathams and, 
apart from Mangere, the only one able to support significant forest. South East 
Island’s small size and the lack of other safe breeding areas in the Chathams may be 
putting pressure on burrowing sites, particularly in the forests. Studies on the island 
show that inter- and intraspecific competition for breeding burrows is intense (Was et 
al., 2000; Wilson, 2000; Sullivan and Wilson, 2001a; Sullivan and Wilson, 2001b).   
It is possible that seabird numbers may have reached saturation point on 
South East Island, which would have implications for all species but particularly for 
endangered species due to competition for breeding burrows. High seabird density 
may also have an impact on the forests’ long-term future. However with no base line 
data available to compare the 1989-99 burrow-breeding seabird estimates collected 
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by West and Nielson (1994), and no further research on burrow density since, it is 
not possible to quantify changes in seabird density. Thus collecting new data on 
burrow density to determine whether the seabird population is changing is essential 
to an understanding of the impact that seabird density may have on forest dynamics. 
1.4  Effects of burrowing seabirds on soils and vegetation 
Marine nutrients 
Seabirds exert significant effects on the functioning as well as the structure of 
an island’s terrestrial ecosystem through nutrient transfers (Siegfried, 1981). More 
recently this process has been referred to as ‘ecosystem engineering’(Lawton, 1997).  
The effects of nutrient input by seabirds on primary productivity are expected to 
increase productivity at other trophic levels (Daugherty et al., 1990; Markwell, 
1999). Seabird faeces and other biological products are rich in Nitrogen (N), Calcium 
(Ca) Phosphorous (P) and Potassium (K). These may either stimulate growth in some 
plants or depress it in others. Guano-scorched plants, particularly seedlings, often die 
(Sobey and Kenworthy, 1979).  
Animal-soil-nutrient-plant relationships at subantarctic Marion Island have 
been examined in depth by Smith (1976; Smith, 1978). Inland slopes are carpeted 
with the fern Blechnum penna-marina, which is replaced by luxuriant Poa cookii-
dominated communities where petrels burrow. In slopes of tussock grassland 
containing the nests of burrowing petrels, Smith (1976) found increased 
concentrations of N and P, relative to Ca content in the soil and increased 
concentrations of N, K, Iron (Fe) and Sodium (Na) in the vegetation, relative to other 
vegetated areas of the island. The concentrations of Ca and Magnesium (Mg) 
remained unchanged.  
On Prince Edward Island, Huntley (1971) found that Agrostis magellanica 
growing within the influence of wandering albatross (Diomedea exulans) had bigger 
leaves than when it grew without manuring. The soils and the plants in these 
communities contained higher Nitrogen and Phosphorous and other minerals than did 
the same plants in other areas. Given (1995) notes that species such as Leptinella 
feathersonii and Myosotidium hortensia found on the Chatham Islands are restricted 
to marine nutrient-rich soils, and the loss on the mainland of coastal plants such as 
Lepidium spp. is directly connected to the loss of the seabird populations. 
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Siegfied (1981), attempted to quantify the mineral and energy contribution of 
carcasses, guano, eggs and feathers on Marion Island. His study of 13 surface-nesting 
species estimated that seabirds deposit around 0.4 ton net of avian products per 
hectare per year concluding that the high primary productivity of the terrestrial 
vegetation is maintained largely by the continual introduction into the island of 
essential nutrients transported by birds from the sea. Similarly, in New Zealand a 
small but significant body of research is growing on soils of seabird islands and their 
relationship to vegetation (Ward, 1961; Atkinson, 1964; Campbell, 1967; Hawke et 
al., 1999; Markwell and Daugherty, 2003). 
Seabird islands have been characterised as bottom-up food webs (Polis and 
Hurd, 1996) because nutrients control plant numbers which in turn control herbivore 
numbers etc. Thus they argue that the control of the entire organization of the 
community flows upward in the food web (Strong, 1992).  
Disturbance 
Seabird activities such as trampling and burrowing, it could be equally 
argued, play as significant a role in driving vegetation change as the rich nutrient 
deposits that enhance plant growth. To date, these negative effects of seabird 
disturbance on forests, have received little research attention, and unlike studies that 
have focussed on quantifying the nutrient inputs of marine origin, most studies on 
seabird disturbance of an ecosystem are descriptive rather than quantitative.  
Destructive trampling of vegetation is a feature of seabird colonies (Gillham, 
1956; Ward, 1961; Gillham, 1961b; Johnson, 1974).  Fineran (1973), in his study of 
Seven Muttonbird Islands (New Zealand) describes the beaten-down appearance of 
much of the forest floor and the paucity of ground herbs and bryophytes. Those that 
do survive are mainly on peat mounds, logs and other sites that are relatively 
inaccessible to trampling. Warham (1996) describes the bare soil between the 
burrows looking as if swept clean by a vacuum cleaner.  Because of their large 
numbers and concentration at the few places available for take-offs, petrels can affect 
changes in the vegetation around their launching site. At forest margins and in other 
launching and landing sites the vegetation can be badly trampled and sometimes 
killed. Thousands may use a single boulder or prostrate growing tree in an early 
morning launch through the long breeding season (Warham, 1996).  
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Seedling survival is also negatively affected through the disturbance of litter 
by seabirds in the process of burrowing and dragging it to line burrows (Warham et 
al., 1982). They crop grasses and herbs sometimes at appreciable distances from their 
burrows (Warham, 1996). Sooty Shearwaters (Puffinus griseus) tend to snip off any 
seedlings near their burrows so that regeneration occurs only where the young plants 
are protected, for example by fallen logs. Where seedling regeneration is successful, 
it may be short lived.  Gillham’s (1960) study of the southern Victorian colonies of 
Puffinus tenuirostris shows  plants grow vigorously during the winter months when 
the petrels are at sea only to succumb to bird trampling and drought during the 
summer months. On Stephens Island, (Cook Strait, New Zealand), Mulder and Keall 
(2001) looked at the impact of burrowing activity of fairy prions (Pachyptila turtur) 
on seedling establishment (in November possibly preceding the peak of seabird 
activity on the island) and found that seedling density declined marginally as burrow 
numbers increased.  
No equivalent research on micro-disturbance of seedlings has been conducted 
on South East Island and this is essential as seedling mortality will affect community 
dynamics and the composition and structure of future forests (McCarthy and Facelli, 
1990). 
Use of exclosures 
A number of studies have attempted a more controlled approach to quantify 
seedling survival on seabird islands by using exclosures (wire cages). Maesako 
(1985; 1999) on Kanmurijima Island (Japan) looked at the physical impacts of high 
densities of the burrowing seabird Calonectris  leucomelas on seedling survival in a 
warm temperate Machilus thunbergii forest. Maesako found that seabird exclusion 
resulted in an increase in both species richness and tree seedling diversity, and 
suggests, that low survivorship in seedlings of the canopy species may foreshadow 
the end of the present-day warm-temperate evergreen forest on the island. While 
exclosures have been a common tool to quantify the effect of introduced herbivores 
on vegetation in New Zealand, they have been used less commonly in regard to 
disturbance by indigenous biota such as seals (Burrows, 1972) and burrowing 
seabirds (Campbell, 1967; Butler and Merton, 1992).  
As part of the work to save the black robin from extinction on Mangere, 
Chatham Islands researchers focussed on improving the quality of the forest habitat 
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for the birds. Some small exclosures were established in 1973 and 1975/76 in an 
attempt to keep out sooty shearwaters. While these were considered too few and too 
small to make a significant difference to the habitat available to the robins, they did 
demonstrate that excluding seabirds led to littler accumulation and tree regeneration 
(Butler and Merton, 1992). The use of exclosures to quantify seabird disturbance to 
seedling regeneration on South East Island has not been used and would be an 
appropriate research method that would enhance understanding on the effects of the 
seabirds on forest dynamics.   
Burrows as centres of erosion 
Burrows have also been identified as centres of erosion (Gillham, 1956; 
Gillham, 1960a; Ward, 1961; Atkinson, 1964; Evans, 1973). The greater the 
burrowing seabird population the greater the threat and, in extreme cases, burrowing 
seabirds can destroy their own habitat. According to Lockley (1953) ‘it seems to be a 
habit of puffins (Fratercula arctica) to colonise a turfy island, work it to a ruin, and, 
perforce, depart for a new territory’. He describes the 8.9 ha island of Grassholm in 
south-west Wales where in 1890 there were over half a million puffins (two to three 
pairs per square metre). These birds destroyed the vegetation, tunnelled the soil so 
that it collapsed inducing extensive erosion. By 1928 all that was left were isolated 
pillars and tussocks and about 200 puffins.  
On the islands off the coast of Western Australia, Gilham (1961b) studied a 
similar scenario where burrowing seabirds so altered the vegetation that  the island 
was no longer suitable for breeding, forcing a general exodus to another site. As 
areas free of human and other predators were in short supply it necessitated a return 
to a previously abandoned island, where the vegetation, while not fully ‘recovered’ 
floristically was sufficient to satisfy the birds’ needs. Gillham (1956) demonstrated 
the rate of erosion in a shearwater colony by mapping an old Armeria maritima 
hummock, and found after three years 15 cm had been lost from its top. Evans (1973) 
similarly documented the destruction by Hutton’s shearwaters (Puffinus huttoni) of 
their own habitat in the seaward Kaikoura Range, New Zealand. Thus the link with 
density of burrowing and erosion has been made in several studies and an estimate of 
present burrow density on South East Island would contribute to the overall picture 
of forest floor disturbance. 
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1.5  Canopy gaps 
If seabird activities are negatively affecting seedling survivorship under the 
canopy, is this also happening in one of the key places for regeneration in forests – 
the canopy gaps? Thus for South East Island an insight into the role canopy gaps play 
in forest succession would contribute critical information on forest succession 
patterns.  
Conceptual frameworks of forest succession have moved from the actual or 
potential existence of a steady-state ‘climax’ community (Clements, 1936) towards 
non-equilibrium paradigms, which emphasise the importance of repeated disturbance 
and accept continual change in vegetation as standard (Drury and Nisbet, 1973; 
Ogden, 1985; Pickett and White, 1985; Veblen, 1985).  The effects of disturbances 
that occur across different parts of the landscape at different times create a spatial 
mosaic of patches that are in a constant state of dynamic change. This has given rise 
to the patch dynamics perspective in community ecology where disturbances 
influence the availability of resources to plants. 
Under the patch dynamics model, species have been characterised as having a 
regeneration mode in response to different disturbances. Forest stand structure 
reflects the modes of regeneration of the constituent tree species. Three general 
regeneration patterns are commonly recognised  (1) catastrophic (2) gap-phase, and 
(3) continuous (Veblen and Stewart, 1980). In New Zealand’s temperate forests, 
research has focussed on the first, the formation of large catastrophic canopy 
openings (>0.5 ha) by mass movements such as windstorms, earthquakes, fire and 
landslides. These processes influence the spatial structure and species composition of 
most forests (Wardle, 1984; Ogden, 1985; Stewart, 1986; Duncan, 1993). The result 
is the establishment of an extensive even-aged stand over a short period of time. 
Such even-aged populations can also result following the cessation of farming, 
though pasture grass competition can inhibit this.  
The second, gap-phase regeneration, refers to the attainment of main canopy 
stature beneath small to intermediate-sized canopy gaps resulting, for example, from 
windthrow of a single large tree or small group of trees (Stewart, 1986; Stewart and 
Rose, 1989; Ogden et al., 1991). Lastly, continuous regeneration refers to the 
development of highly shade-tolerant species beneath canopies lacking any obvious 
gaps so that there is a steady replacement of the older dying trees. Swain and 
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Whitmore (1988) proposed that trees fall into one of two groups: shade-intolerant 
pioneers that colonise the canopy gap and shade-tolerant climax species that come 
later. Others have questioned this dichotomy, suggesting that survival in gaps is a 
function of joint probabilities of arriving and surviving in particular habitats (Schupp 
et al., 1989). Stewart et.al (1991) likewise found that the regeneration response in 
canopy gaps was more complex, and needed to take into account disturbance history 
and microtopography, as well as the usual gap parameters of size and age since 
disturbance.   
While Brokaw and Busing (2000) controversially argue that gaps are filled by 
chance occupants rather than the best adapted species and while density is 
unquestionably higher in gaps, species diversity on a stem count comparison is not 
dissimilar from the surrounding forest. As with most gap-dynamics studies, this work 
reviewed tropical and warm temperate forests. On South East Island all three 
disturbance regimes: catastrophic (clearing for farming and windthrow), gap-phase 
and continuous are evident though, to date, research on recruitment and seedling 
survival in any of the disturbance regimes has not been undertaken.   
Process of gap formation on seabird islands 
On seabird islands, compared with mainland forests, the role of burrowing is 
an additional local environmental factor that may contribute to tree instability 
(Campbell, 1967; Johnson, 1982). Seabirds dig their burrows with their beak and 
feet, and the result can be a tunnel up to 3 m long, depending on the size of the bird 
and the terrain. Large amounts of soil are displaced in the process and roots are 
exposed both above and below ground (Campbell, 1967). In dense colonies, many 
burrows join to form a complex lattice or honeycomb effect under the fragile soil. On 
slopes within the forest, where undergrowth and ground cover is sparse, the friable 
soils move down-slope, exposing the roots of trees up-slope and burying the stems of 
trees below. Under these conditions, the roots provide insufficient support, especially 
in heavy winds, and the trees can be uprooted, often bringing other trees down with 
them, or they blow over and grow semi-prostrate (Fineran, 1973; Johnson, 1982).   
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1.6  Summary 
South East Island is significant nationally and globally as an important bird 
sanctuary. Rare and endangered terrestrial and seabird species breed in the forests 
and are dependent on the quality of the habitat that the forests provide for their 
ongoing survival, as are the rare and endangered invertebrates and plant species 
found on the island. To date no permanent measures have been put in place to 
monitor the quality of habitat or changes in forest structure and composition since 
farming ceased and the last of the stock was removed in the 1960s. As one of the 
most heavily burrowed seabird islands in New Zealand, the negative impact of high 
densities of burrow-breeding seabirds on forest regeneration needs to be investigated 
to ensure quality habitat for the forest species continues to be available over the long 
term. 
 This study aims to contribute to the Department of Conservation’s 
management objectives (Anon, 1999), of a self-sustaining nature sanctuary, through 
improving the understanding of the relationship between the burrow-breeding 
seabirds and the forests on South East Island, and to provide a framework for 
ongoing monitoring and management of these forests. Although this research is 
specific to South East Island, the seabird-forest relationship is a feature of other 
seabird islands and the findings will be relevant to the conservation and management 
of such islands. 
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1.7  Study Aims 
General Aim 
The general aim of this study is to determine the effects of burrow-breeding seabirds 
on the forest community structure on South East Island (Rangatira), Chatham 
Islands. 
Objective One:  Forest Community Structure  
Aim: To describe the present forests on South East Island 
Specific Objectives: 
• Identify the physical, cultural and historical factors that have shaped the
vegetation on the island
• Determine the present structure and species composition of the forests
• Identify and describe the forest communities
• Determine the relationship of tree diameter to age of forest tree species
• Investigate the relationship between site characteristics and forest
communities
Objective Two: Burrow-Breeding Seabirds and Forest Regeneration 
Aim: To determine the impact of burrow-breeding seabird activity on forest 
regeneration 
Specific Objectives: 
• Determine whether the exclusion of burrow-breeding seabirds allows
seedlings to establish under the forest canopy
• Identify whether there is a relationship between burrow density and site
characteristics.
• Identify whether there is a relationship between burrow density and forest
community.
Objective Three: Canopy Gaps and Forest Regeneration 
Aim: To investigate the role of canopy gaps in forest regeneration 
Specific Objectives: 
• Quantify the frequency and size of canopy gaps
12 
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• Identify the method and species of gap makers and site characteristics
• Analyse the regeneration response following a treefall
• Compare seedling regeneration in gaps with that occurring in control areas
• Compare seabird burrow density in gaps and in control areas
Objective Four: Ongoing Monitoring of Forests 
Aim:  To set up permanent plots and photopoints for further research fulfilling 
Action 1.4 of Department of Conservation’s Black robin recovery plan 2001-2011 
(Anon, 2001) to monitor changes in forest habitat on South East Island by 
establishing photopoints and permanent plots to monitor vegetation changes. 
Specific objectives: 
• Permanently mark plots on site and provide detailed records of plot location
• Photograph all permanent plots
• Establish permanent photopoints for monitoring forest changes, including
Muehlenbeckia australis spread
1.8  Nomenclature 
Plant names follow Allan (1961) and birds follow the Ornithological Society, 
Checklist of the Birds of New Zealand (1990). The largest island in the Chatham 
Islands is called Chatham Island and this will be referred to as main Chatham in the 
text.  
A note on Plagianthus chathamicus 
Plagianthus chathamicus has had a variety of scientific names in published 
work relating to the Chatham Islands. P. regius var. chathamicus has been in usage 
since Connor and Edgar (1987) suggested regius replace betulinus, but betulinus  has 
priority over regius because  Poiret was unaware of the chathamicus taxon when he 
published in 1907. Until the taxonomic revision is completed, Cockayne's 1901 name 
(Allan, 1961)  P. chathamicus can be used as it is a validly published epithet (J. 
Sawyer, 2003, pers comm. DoC botanist, Wellington). I will use this name 
throughout. 
Common names used for many tree species in the Chatham Islands differ 
from those used in mainland New Zealand and many scientific names end in 
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‘chathamica’ or ‘chathamicus’. To avoid confusion the genera as set out in Table 1.1 
(Allan, 1961) will be used throughout to identify plant species. 
Table 1.1 Frequently cited plant species and the names used in text. 
Maori/Common 
Tree Name 
Botanical Name Name used in text 
Ribbonwood Plagianthus chathamicus Plagianthus 
Akeake Olearia traversii Olearia 
Ngaio Myoporum laetum Myoporum 
Kopi or karaka Corynocarpus laevigatus Corynocarpus 
Karamu Coprosma chathamica Coprosma 
Hoho Pseudopanax chathamicus Pseudopanax 
Mahoe Melicytus chathamicus Melicytus 
Matipo Myrsine chathamica Myrsine 
Kawakawa Macropiper excelsum Macropiper 
Lianes 
Supplejack Ripogonum scandens Ripogonum 
Pohuehue Muehlenbeckia australis Muehlenbeckia 
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2.1.  Physical location, features and climate 
South East (Rangatira) Island, Chatham Islands lies at 44°20`S, 176°10`W. 
At 218 hectares in size it is the largest of the nine major vegetated islands and 
numerous rocks and reefs that surround main Chatham (90, 040 ha) and Pitt Island 
(6, 325 ha). The Chatham Islands lie approximately 870 km east of Banks Peninsula 
at the eastern end of the submarine plateau known as the Chatham Rise (Fig 2.1). 
South East Island is approximately 2.5 km from Pitt Island (Fig 2.2).  
Figure 2.1  The Subtropical Convergence (shaded area) creates an up-welling of nutrient- 
rich water from ocean depths, contributing to the diversity of marine life and rich feeding 
grounds for seabirds (From Wilson (2004). 
The Chatham Islands’ location and meeting of warm saline sub-tropical 
waters and cold less saline sub-antarctic waters (Subtropical Convergence) influence 
the islands’ climate and weather (Figure 2.1). Temperatures are cool with a year- 
6
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round average of about 11° C, ranging from 7.5° in July to 14° in January. Frosts are 
infrequent and light when they occur, although hail showers are common in the 
winter months. Annual rainfall varies from 500 –1000 mm. Dry spells are common, 
sometimes lasting more than a month. Skies are often overcast, with clear days  
averaging fewer than 70 a year. Summer humidity is high, often exceeding 80 % 
(Heath, 1973; Thompson, 1983; Campbell et al., 1993). The almost incessant wind is 
referred to as the ‘Roaring Forties’.  
Figure 2.2   The location of South East Island (Rangatira) within the Chatham 
Islands archipelago. 
Atkinson (1996) suggests that few if any places in the New Zealand region 
are so strongly influenced by wind-driven salt. The prevailing south-west winds, 
frequently of gale force, are often dry enough to pick up salt particles from breaking 
waves and hurl them with great velocity at any exposed foliage. Parts of South East 
island exposed to the south-east, such as The Clears bear the brunt of southerly 
storms (Figure 2.3). 
N
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Figure 2.3  South East Island (Topo Map series 260)  
showing location of The Clears, Woolshed Bush, Top 
Bush and contour lines. 
South East Island slopes gently upward from The Clears and northern 
lowlands to the highest point (224 m) above the southern cliffs. These south-facing 
rampart like cliffs appear to protect much of South East Island’s forests from the full 
force of a southerly gale. 
The island is the southern-most volcanic centre of the Chatham Islands, and 
at about 3.8 - 4 million years old it is amongst the youngest of the Chatham Island 
volcanoes. It is composed entirely of a dipping sequence of coarse-grained volcanic 
sediments that have accumulated near a volcanic vent (Watters, 1978). Volcanic 
breccias form the crags and softer basaltic lapilli tuffs at the coast (Hay et al., 1970; 
Campbell et al., 1993). A notable geological feature of South East Island is the well 
preserved marine terraces, at about 15 m and 80 m height above sea level. It is 
thought that these were formed when the sea level was higher during the warmer 
inter-glacial stages of the Pleistocene period (Hay et al., 1970; Adams et al., 1988). 
Even without nutrient input by seabirds, the soils formed from basalt rock 
would be rich in nutrients, particularly phosphorus, calcium, magnesium and 
potassium (Reeves and Brooks, 1978). No published analysis of South East Island 
soils is available but research on other seabird islands suggest that the seabirds on 
 South  Summit 
The Clears 
Top Bush 
Woolshed 
 Bush 
The Trig 
1000 metres
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South East Island over time would have added to the parent soil with guano deposits, 
carcasses, egg shell and regurgitation of fish meals, making the soils high in 
phosphate, nitrogen and carbon  (Polis and Hurd, 1996; Mizutani and Wada, 1998; 
Mulder and Keall, 2001). Soils for seabird breeding need to be sufficiently deep for 
burrows, sufficiently friable for ease of burrowing and sufficiently stable to minimize 
burrow collapse. The soils on the island match these criteria. The soil is a rich 
reddish-brown colour, friable, greasy to the touch, fishy in smell and over a metre in 
depth on much of the island (pers. obs.).  
 
2.2  Land Use History 
Pre-European 
The different phases of human occupation are reflected in the changing 
names by which the main island of the Chathams group has been known – ‘Rekohu’ 
to the original Polynesian discoverers (Moriori), ‘Wharekauri’ to the Ngati Mutunga 
and Ngati Tama tribes who supplanted them in 1935 and  ‘Chathams’ to the 
European settlers (Devine, 1982).  South East Island’s history is inextricably tied up 
with these name changes and events unfolding on the main Chatham. 
The first human inhabitants of the Chatham Islands were Polynesian 
migrants, most likely from New Zealand, who arrived in one or more groups 
conservatively estimated between 900 –1500 AD but most probably in the 13th and 
14th centuries  (King, 2000). The Moriori are descendants of these ocean voyagers. 
Good fishing grounds and the presence of Hooker’s sealion (Phocartcos hookeri), fur 
seals (Arctocephalus forsteri), albatross and other seabirds would have dictated the 
population distribution and seasonal hunting activities, to areas such as South East 
Island.  
There is no record of permanent pre-European settlement on South East 
Island but Moriori claims to the island at the 1870 Land Court hearing confirm that 
Moriori regarded the island as significant to them. Certainly Moriori would have 
spent significant periods on the island harvesting food but the virtual absence of the 
Kopi tree (Corynocarpus laevigatus) on the island is evidence it probably was not 
settled permanently. The Kopi tree (whose seeds after treatment are edible) is 
believed to have come to the Chatham Islands with Moriori as a food source, and 
was planted near settlements. There are large Kopi tree groves on adjoining Pitt (2.5 
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km away) which was estimated to have 300 Morirori in 1790 (Richards, 1972; 
Richards, 1982; Wills-Johnson, 1996; King, 2000).  
Perhaps the main impact on South East Island’s vegetation by Moriori would 
have been through fire. On main Chatham, dense Dracophyllum aboreum (grows to 
10 m in height) once dominated the vegetation over all the southern peat areas 
(Given and Williams, 1985). The Dracophyllum forests undoubtedly disappeared 
through burning as the wood of both D. arboreum and D. paludosum (scrub) is 
highly resinous and burns strongly even when damp. The thick layer of litter is also 
easily ignited, especially during dry spells, and burns with a quick, hot fire, which 
spreads rapidly through the forest. Fires started in Dracophyllum forest usually travel 
far, and this may explain why so much of the forest on the main Chathams was 
destroyed so rapidly in the early years of settlement (Wright, 1959). Whether South 
East Island had similar areas of Dracophyllum can only be guessed at as today only a 
small area of D. arboreum is found on the island. 
 
Post-European  
The first European contact on main Chatham was in 1791 when Lieutenant 
Broughton, commander of the Chatham and his crew arrived, having been blown off 
course. The Moriori population on main Chatham and Pitt is thought to have been 
around 2,000 at this time (King, 2000). The availability of maps made by Broughton 
and news of the sea bounty brought sealers in increasing numbers from around 1804 
(Richards, 1982). South East Island was one of the sealing stations established and 
this marks the first known introduction to the island of European domestic stock such 
as pigs and sheep. South East Island miraculously escaped sealers’ dogs, cats and rats 
which on main Chatham impacted on a traditional Moriori food source - seabirds 
(Atkinson, 1978, Veitch & Bell, 1990, Tennyson & Millener, 1994).   
The seal harvest was short and brutal and by 1835 the sea lion and fur seal 
populations were decimated and an important source of Moriori food and clothing 
had gone. Diseases that arrived with the sealers reduced the Moriori population to 
about 1,600.  Then in 1835 disaster again struck when 500 North Island Maori (Ngati 
Tama and Ngati Mutunga tribes) arrived and slaughtered around 300 Moriori and 
enslaved the remainder. From this time on Moriori numbers declined rapidly through 
further killings so that by 1848 their population had been reduced to about 250 
(King, 2002).  
   19 
Chapter 2: Study site 
Whalers accompanied by pigs, goats and sheep were the next Europeans to 
live on South East when a whaling station was set up on the island around 1839 
(Ritchie, 1970; Holmes, 1984).  In 1840, 50 Saxon merino sheep, together with a 
shepherd, were sent to South East Island from New Zealand (Holmes, 1984) and 
marked the start of systematic clearing of South East Island’s forests for pasture and 
potato cropping. Between 1848 and 1880 the island was deserted but the stock 
remained (Richards, 1982).  In 1900, when the next lessee on the island left, he 
removed the sheep but the goats had free reign for the next 15 years. These were 
destroyed when it was next leased for sheep grazing in 1916 (Ritchie, 1970). In the 
1920’s Tom McClurg and family farmed 600 sheep (Holmes, 1984). He was 
followed by Philip Nielson who ran over 1,000 sheep, as well as some cattle (Ritchie, 
1970).  
From the 1860s European settlers on main Chatham and some Maori wanted 
larger and more permanent dwellings and farm buildings. Suitable timber was scarce  
and much of it was imported. The combination of these needs and the demand for  
more pasture for grazing resulted in the felling and clearing of bush on main 
Chatham, Pitt and Mangere and South East Island (King 2000). 
 
Reserve status of South East Island and land use legacy  
Philip Nielson was still the lessee when L.C. Bell of the Wildlife Service 
visited in 1951 and found him sympathetic to the idea of South East Island becoming 
a reserve. Bell’s report of his 1951 visit describes a forest destroyed by stock with no 
understorey or regeneration and a sparse canopy subject to damage from wind. He 
describes the north-east corner as a large area of bracken and nettle that was 
periodically cleared by burning (Bell, 1953).  
South East Island was purchased from the Maori owners in 1953 and gazetted 
as a reserve in February 1954 (The New Zealand Gazette, 1954) with an agreement 
for Philip Nielson’s lease to continue until its expiry in 1957 (Butler &Merton, 
1992). The last stock were removed by 1961 (Veitch and Bell, 1990). Unfortunately, 
there are very few sites where substantial bird fossil deposits could have 
accumulated, so there is little chance that the former status of most species could 
ever be clarified, thus our knowledge of the original bird diversity and abundance is 
frustratingly incomplete (Nilsson et al., 1994). 
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Today South East Island still bears the legacy of past land use. On The Clears 
that adjoin the seal colonies and nurseries, forest clearance (stumps and logs are still 
evident) has left an eroding salt-marsh. Unlike other parts of the island this has not 
returned to forest since farming ceased, indicating permanent soil loss in an area of 
extreme exposure to southerly storms (Plate 2.1). 
 
 
 Plate 2.1  Party on The Clears, South East Island, an eroding salt-marsh a  
legacy of sealers, whalers and farmers clearing the forest (Photo: C.M. Roberts). 
 
At the northern end of the island photographs taken in 1937 (Plate 2.2 and 
2.3) shows the original woolshed (close to the current DoC hut) surrounded by 
scattered Olearia trees. This can be compared to remnant forest trees on main 
Chatham today, where dying Olearia are scattered across prairie-like grassland (Plate 
2.4). Their presence is not an indication of their unsuitability as a timber or firewood 
source; Olearia is valued for both fencing and firewood (Crisp et al., 2000). These 
Olearia appear to be the last remaining survivors of forest fragments that have been 
decimated by stock, fire and wind. While indicating this species is very hardy, it too 
eventually succumbs to these pressures.  Today on South East Island it is the Olearia 
that fringe the island’s forests, exposed to the storms. The old giants that are found 
scattered through the new forest are most likely survivors from forest remnants 
pictured in the 1937 photo of Woolshed Bush (Plate 2.3). 
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Plate 2.2  Party in front of the woolshed December 1937, South East Island [Graham 
Turbott,  Charles Fleming, Allan Wotherspoon and Phillip Nielson (lessee)]. Timber used for 
the woolshed and fencing come from the island’s forests, note Olearia traversii in 
background and in photograph of the woolshed below (Photo: A. Wotherspoon, Auckland Museum). 
 
 
 
 
 
 
Plate 2.3  Woolshed on South East Island, December 1937. The scattered clumps of Olearia 
traversii would be survivors from a mixed species forest left after clearing  
(Photo: A. Wotherspoon, Auckland Museum).  
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Plate 2.4  Grazing forest remnants removes understorey and inhibits regeneration leaving  
canopy trees vulnerable to wind damage. These Olearia traversii on main Chathams in 2003  
are survivors (though not for long) of forest remnants. This scene is similar to 
Wotherspoon’s 1937 photo and an indication that the old Olearia found in the forests on 
South East Island may pre-date farming on the island (Photo: C.M. Roberts).   
.    
 
Plate 2.5  The characteristic trampled and denuded appearance of the forest floor on South 
East Island. The large burrow (centre left) is made by a sooty shearwater (Puffinus griseus), 
note the mounded and compacted soil around the burrow entrance (Photo: C.M. Roberts).   
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2.3  Main Chatham and South East Island flora and fauna 
Flora 
In comparison with mainland New Zealand, the most striking feature of the 
forests on Chatham is the absence of Podocarpaceae and such common mainland 
communities as manuka (Leptospermum scoparium) scrub and tussock grassland 
(Chinochloa and Poa sp). Because the Chathams are isolated in distance and 
geological time from the New Zealand mainland, they have a high proportion of 
endemic species. Almost 40 - 45 species and varieties are found nowhere else 
(Given, 1996). The endemic tree species found on South East Island belong to genera 
widespread on mainland New Zealand including karamu (Coprosma chathamica), 
ribbonwood (Plagianthus chathamicus), matipo (Myrsine chathamica), mahoe 
(Melicytus chathamicus), Chatham Island akeake (Olearia traversii) and hoho 
(Pseudopanax chathamicus). 
The remaining forest trees on the island are also common to both New 
Zealand and Chathams: ngaio (Myoporum laetum), kopi or karaka (Corynocarpus 
laevigatus) and kawakawa (Macropiper excelsum). The lianes, supplejack 
(Ripogonum scandens) and pohuehue (Muehlenbeckia australis) are found in both 
the canopy and understorey.   
Some tree species, such as Chatham Island nikau (Rhopalostylis aff. sapida), 
that are found on main Chatham and on neighbouring Pitt have probably been lost to 
burning and clearing when the forests no longer supported its main seed disperser, 
the Chatham Island Pigeon (Hemiphaga novaeseelandiae chathamensis).  
On South East Island flax (Phormium tenax) is widespread around the coast, 
especially at the southern end of the island around the clears. Plagianthus and 
Muehlenbeckia which are two major forest components, are both deciduous, and in 
winter South East Island forests become much more open and exposed. Rank 
pasture, bracken (Pteridium esculentum) and Muehlenbeckia occupy the gaps 
between the Lower Forest (Woolshed Bush, Ike’s Bush and Island Bush) as well as 
between the Woolshed Bush and Top Bush, which begins on the second terrace 
around 80 m (Figure 2.3). 
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Invertebrates and their relationship to forest ecosystems 
Invertebrates and lizards are dominant and functionally important 
components of the ecosystems of New Zealand offshore islands (Daugherty et al.,
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1990). Seabirds discard guano and food matter, shed feathers and leave eggshells 
and carcasses. This input provides a direct food source that can support a range of 
detrivores and scavenging invertebrates (Polis and Hurd, 1996). On South East 
Island the forests swarm, particularly on warm, humid summer nights, with an 
abundance of large ground-dwelling insects: weta, cockroaches, weevils, darkling-
beetles 
(Mimopeus species), giant stag-beetles (Dorcus capito) large predatory ground 
beetles (Mecodema alternans) and spiders, including one of the largest spiders in 
New Zealand, the Rangatira spider (Dolomedes schauinslandi). The two weta found 
are both cave weta (family Rhaphidophoridae); the stout-legged weta (Talitropsis 
crassicruris) and the slender weta (Novoplectron serratum).  
Weta supplement their usual vegetarian diet with flesh from seabirds that 
have died while crashing through the canopy (snared in tree forks) and thus play an 
important role in disposing of carcasses (Dugdale and Emberson, 1996). They may 
also dispose of seeds, as was found in Northland’s kauri forests (Mirams, 1956). 
Insects are also important ingredients in the diet of forest birds on South East Island. 
This wealth of insect life gives insight into what similar lowland forest on main 
Chatham and mainland New Zealand must have been like before the arrival of 
people, as similar night observations in either location reveal relatively little insect 
life.  
Conversely, many prominent mainland insect groups do not occur on the 
Chathams. These include stoneflies (Plecoptera) and blackflies/sandflies (family 
Simuliidae). Some members of plant-eating groups that feed only on Coprosma, 
Pseudopanax and Dracophyllum are absent despite the presence of suitable hosts
 
(Dugdale and Emberson, 1996). 
There are about 750-800 insect species on the Chathams with one in five 
species being endemic. Most of the large, flightless, endemic species of insect are  
now restricted to islands like South East Island, which are free of weka and rodents
 
(Dugdale and Emberson, 1996; Emberson, 1998).  
 
Native fruits are in abundance and are host to many insects. Myrsine fruit 
clusters in particular are host to sap beetles (family Nitidulidae), caterpillars of 
budmoths (family Stathmopodidae) and the fruit moth Microcolona species cf. 
limodes, and scale insects (Dugdale and Emberson, 1996).  
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Forest birds, seabirds and ground disturbance on South East Island 
Thirty-four species of terrestrial, inshore and oceanic birds breed on South 
East Island.  More than 30 other bird species – terrestrial and marine are recorded as 
visitors or vagrants frequenting either the island or its surrounding waters (Nilsson et 
al., 1994). Of the island’s bird fauna, seabirds are the principal feature. Most are 
absent for only a few months, migrating from the region when not breeding.  South 
East Island is one of the most densely burrowed of the islands in the New Zealand 
temperate region. Assessments place petrel numbers on the island in excess of 3 
million birds (West and Nilsson, 1994).  
Forest floor disturbance on South East Island can be attributed to five species 
of petrel (Procellariiformes) and Little Blue penguins (Eudyptula minor) that breed in 
burrows in the forests on the island.  Two other Procellariiforms nest elsewhere on 
the island: Black-winged petrels (Pterodroma nigripennis) are found under low scrub 
around the summit rocks; Grey-backed storm petrels (Oceanites nereis) nest in tufted 
vegetation such as (Carex chathamica) and Muehlenbeckia and Poa spp. in clearings 
and around the coast (West and Nilsson, 1994).  
The burrow-breeding seabirds are never totally absent from the island (Figure 
2.4). Broad-billed prions are there all year except for a few weeks when they are at 
sea moulting in January and February, and prospecting is at its height in March and 
April (Plate 2.7). Disturbance to the forest floor and impact on seedling regeneration 
comes through burrowing activity, dragging forest floor litter into their underground 
nesting chambers, additional litter on the forest floor through broken branches and 
twigs being brought down when seabirds crash land through the canopy, and 
trampling around burrow entrances during arrival and departure. The amount of 
disturbance is correlated with the bird’s size (Fig 2.4). Sooty shearwaters (800 g) 
create large holes and adjoining mounds of displaced earth (Plate 2.5) whereas the 
small bodied (45 g) white-faced storm petrel’s entrance is small in diameter (< 3 cm) 
and less obvious despite the much larger numbers (Robertson and Heather, 1999). 
Plate 2.6  Broad-billed prion (Pachyptila vittata), 
South East Island (Photo: P. Knightbridge)  
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2.4  Summary 
The land-use history of South East Island echoes events on main Chatham. 
The extent to which South East Island’s vegetation had been modified (most 
probably through burning) during the 500 years of Moriori food-gathering 
expeditions can only be surmised. However the impact of less than 150 years of 
European sealers, whalers and farmers who harvested wildlife, burnt and cleared 
forests, sowed pasture, released goats and pigs and grazed stock, is known to have 
permanently changed the island’s vegetation. When it became a reserve in 1954, 
although the forest was still dominated by endemic tree species, it was significantly 
reduced in area and quality; only one-third of the island was forested and it had a 
sparse canopy and an eaten out understorey vulnerable to salt-laden wind damage 
(Bell, 1953). 
With an estimated three million seabirds burrow-breeding in the forests of 
South East Island, and the surrounding islands now largely unsuitable for them due 
to forest clearance and the presence of predators, South East Island can be viewed as 
an ark carrying the future survival of many species: forest plants, forest birds, 
seabirds and invertebrates.  An understanding of the current composition and 
structure of the forests and the role of burrow-breeding seabirds on forest ecosystem 
dynamics, particularly forest regeneration, is essential for the future of these species. 
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 Species Oct Nov Dec Jan Feb March April May June July August Sept 
Sooty 
Shearwater 
(Puffinus 
griseus), 800 g 
>17,000 pairs 
 
 
prospecting 
  
 
laying & 
 
 
incubating 
 
 
                                    
 
 
 
 
 
 
    
     fledging 
     
 
                
 & depart 
    
Broad-billed 
Prion 
(Pachyptila 
vittata), 200 g 
330,000 pairs 
 
 
           
Common 
Diving Petrel 
(Pelicanoides 
urinatrix 
urinatrix), 130 g 
127,000 pairs 
            
Chatham 
Petrel 
(Pterodroma 
axillaris), 200 g 
2,000 individual 
            
White-faced 
Storm Petrel 
(Pelagodroma 
marina 
maoriana), 45 g 
840,000 pairs 
            
Little Blue 
Penguin 
(Eudyptula 
minor), 1,100 g 
? 3,000 pairs 
      
 
      adults  
 
 
present 
     
                          prospecting;                 laying, incubating & hatching;                    fledging and depart                              
Figure 2.4   An approximate guide to breeding activity of burrow-breeding seabirds (within forest only), weight and estimated population on South 
East Island. There is overlap between all activities. Data sourced (Robertson, 1985; West and Nilsson, 1994; Gummer, 2002).
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 Chapter 3 Methods 
3.1  The Forests 
3.1.1  Plot location 
I established 40 permanent 10 × 10 m plots (between 13 April and 11 May 
2002) in order to describe the present composition and structure of the forests on 
South East Island. A plot size of 10 × 10 m was chosen over the standard 20 × 20 m 
permanent plot (Allen, 1993) to increase the number of plots established during the 
five weeks on the island.  
Using a 100 m × 100 m grid map (scale 1 mm = 10 m) all grid squares that 
were at least two thirds covered in forest were numbered and included in a random 
draw. There were 29 grid squares in the Woolshed Bush and 109 in Top Bush 
(Figure 3.1). Grid squares with high human impact, i.e. hut/implement shed areas 
were excluded. The forests were stratified for sampling. Ten grid squares were 
allocated to Woolshed Bush (5 each to northwest (NW) and southeast (SE) aspects 
using Woolshed Bush Track as the boundary line). Thirty grid squares were allocated 
to Top Bush. Top Bush was divided in half (10 NW and 10 SE) by drawing a line 
between the twin peaks and the trig (Figure 3.1).  
To minimize damage to burrows a method of plot location within the grid 
square, using existing tracks, was chosen. An intersection of two tracks in a grid 
square was used as the starting point to site the plot. Details of how plots were 
located in a grid square are described in Figure 3.2. Where there was a choice at an 
intersection of entering a grid square by either going left or right along the track, the 
direction was randomly chosen. If the grid square had no track junctions then the 
middle point of a track crossing a grid square was identified as the starting point, and 
direction left or right chosen randomly.  
An additional 10 plots (Plots 31- 40, Figure 3.3) were subjectively placed 
after plots 1-30 had been sampled. These were established to sample locations that 
were identified as having site features not represented in the original draw: forest 
islands such as Ikes’ Bush and Island Bush, higher altitudes, older Plagianthus forest 
and densely regenerating forest.   
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Figure 3.1  The forests were stratified for sampling. Woolshed Bush (NW and SE aspects, 5 
plots each, using Woolshed Bush Track as the boundary) and Top Bush (NW and SE 
aspects, 10 plots each using a line between the twin peaks and the trig as the boundary). An 
additional 10 plots were located to include areas not covered such as Ike’s Bush and Island 
Bush. 
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Figure 3.2  Plot 6 was sited in the grid square using the intersection of Woolshed 
Bush and Chiquita’s Tracks as the starting point, ‘A’ indicates top left of the grid 
square. At the intersection travelling along either track is determined by a toss of the 
coin, n this case Chiquita’s Track. The first two numbers of a random number 3170, 
counted 31 paces along Chiquita’s Track. A toss of a coin determined whether the 
plot was left or right off the track. The second two numbers added together (7 + 0) 
gave the distance in metres, at right angles to the track to where corner A was 
placed, corner B was placed to the left of A standing at A with back to the track. 
 
A handheld Global Positioning System (GPS) received signals too weakly 
within the forest to mark plot location but was useful for photopoints that were all 
sited outside the forest. The compass bearing, and distance from the track to the plot, 
was marked on a permolat strip nailed to a tree on the main track at the point of entry 
to the plot. This information was recorded on the ‘Plot Description’ sheet for future 
resampling along with a sketch of the plot’s location, the name of track, grid 
reference, plot number, date, recorder, film and frame numbers (Appendix 1, the 
attached CD includes all maps giving plot locations).  
Heavy burrowing created a fragile honeycomb-like ground structure. Other 
than the main tracks walking anywhere on the island was not possible without ‘petrel 
boards’. These spread body weight and in most areas prevented serious damage to 
burrows (Plate 3.1). 
3.1.2  Plot layout and vegetation sampling methods 
I laid out the 10 × 10 m plots with four corners labelled (A,B,C,D) with 10 m 
tapes running between corners. At the 5 m mark, tapes were laid to divide the plot 
into four 5 × 5 m subplots and were labelled A,B,C,D to match corner markers. Eight 
understorey subplots were placed at mid points on tapes as shown in Figure 3.4. ‘A’ 
corner was marked with a red fibreglass pole. The corners A, B, C and D were 
marked with permolat attached to the nearest corner tree, and carried information on 
direction and metres to the location of the plot’s corner peg. 
Plot 6 ♦    
Woolshed Bush 
 
Chiquita’s Tr 
A                       
    
       Track  
   
Woolshed Bush  
 
Chiquita’s Track 
Plot 6 ♦ 
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Figure 3.3  South East Island showing location of plots 1-30 within randomly chosen grid 
squares. Plots 31-40 were subjectively located to include site features not covered in the 
random draw. 
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Figure 3.4. Diagrammatic representation of 10 × 10 m plot layout showing location of 10 m 
tapes (solid lines) between corners A,B,C,D, corner markers (shaded circles), tapes laid at 5 
m (dashed lines) to create subplots A,B,C,D and understorey subplots (Nos 1–8) placed mid 
point along tapes. 
 
These sampling methods were based on Allen (1992, 1993). Because South 
East Island is a Nature Reserve the plots were established in a way to limit impact. 
No stakes were used to permanently mark corners (except A corner), or understorey 
subplots as seabird burrowing had created a honeycomb of chambers, and the risk of 
damaging an occupied nesting chamber when inserting a stake was high. Tags were 
not nailed to trees as seabirds climbed tree trunks to launch.    
 
Vegetation sampling 
Within each 5 × 5 m subplot (A,B,C,D – Figure 3.4)  the dbh (diameter at 
breast height, i.e. 1.35m off the ground) of all tree species >3.0 cm dbh were 
measured, dead standing trees were included. Whether the tree was in the canopy or 
sub-canopy was recorded. Where there were multi-leader stems (more than one main 
   D Corner 
B Corner 
C Corner 
6 7 8 
2.
5m
 
5m 
2.
5m
 
  2 
 3 1 
  4 
5 A B 
D C 
    A Corner 
10 m 
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leader) the diameter of the largest was measured and the remaining ones counted. 
Trees with a horizontal growth form were measured 1.35 m along the stem from 
where they were rooted, rather than at breast height (recording sheet Appendix 2). 
Saplings defined as stems >1.35 m high but < 3.0 cm dbh were counted in each 
subplot and recorded by species (Table 1.1 lists all forest species recorded on South 
East Island).  
Eight understorey subplots were measured (Numbers 1-8 Figure 3.4) in each 
10 × 10 m plot. These were circular with a radius of 49 cm and an area of 0.75 m2. 
The radius was measured from the base of the understorey subplot peg and followed 
the contour of the ground surface. Seedlings, defined as all woody species less than 
1.35 m tall, were counted in five height classes <15 cm, 15 - <45 cm, 45 - <75 cm, 
75 - <105 cm and 105 - <135 cm (recording sheet Appendix 3). 
To determine age-class structure and relationship of dbh to age, I took tree 
increment cores.  The largest tree in each 5 × 5 m subplot was identified and cored at 
50 cm above ground, using an increment corer. A minimum diameter size was set as 
≥ 8 cm.  I cored a total of four trees per plot. Tree cores were placed in plastic straws 
and labelled for later analysis. If the largest tree was visibly rotten or hollow then the 
next largest tree was chosen.               
3.1.3  Environmental variables and site features 
To identify whether there was a relationship between environmental variables 
and forest structure and composition I recorded the following at each plot using 
methodology adapted from Allen (1992). 
Altitude measurements were taken from NZ Topographical 260 map. 
Fluctuating barometric pressure on many days made the use of an altimeter 
unreliable. Aspect was measured with a compass to the nearest 1° at right angles to 
the general lie of the plot. The average slope of the area was measured using a 
Clinometer. The slope shape was described as convex, concave or flat. Physiography 
was described using four categories – ridge, face, gully or terrace. Distance from sea 
was calculated using a Department of Conservation map of South East Island 
(Scale:1 mm = 10 m) a straight line to the nearest coast was measured and distance 
calculated to the nearest 50 m.  A three point scale was used to describe soil fragility 
1 = very soft, even with boards extreme care, 2 = soft, can walk with boards, 3 = firm 
ground, boards not required.  
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Standing in the centre of each subplot (A,B,C,D – Figure 3.4) the percent 
cover of eight forest floor variables were recorded using Braun-Blanquet (1932) 6 
point cover class (<1 % = 1, 1-5 % = 2, 6-25 % = 3, 26-50% = 4, 51-75 % = 5, 76 –
100% = 6). These variables were: limbs/logs, litter (leaf and twig), bare ground (not 
covered by litter, vegetation, moss or rocks), rock (exposed rock on the surface, 
either loose or bedrock), ferns, canopy (the proportion of sky blocked out by 
vegetation above 1.35 m) herb/grass, and Muehlenbeckia (young vines or ones 
collapsed from canopy on ground and below 1.35m).  
An exploratory regression tree model (as described in section 2.3.4) was used 
to identify what site factors best distinguish the five forest types. However, the small 
variation in the data meant that this approach was not a suitable. Each variable was 
then analysed using ANOVA and Tukey’s honestly significant difference to identify 
which variables were significant in describing forest type. 
 
         
Plate 3.1. Petrel Boards spread the weight and helped prevent damage to 
burrows when leaving main tracks and entering a plot for sampling. Even  
the use of petrel boards did not always prevent a cave in of a burrow  
chamber (photo: R. E. Heinz).  
 
Plot photographs  
To enable forest changes to be visually monitored over time a photo from ‘A’ 
corner, of each 10 × 10 m plot, was taken using a wide angled lens (28mm lens) 
looking toward the intersection of the tapes, at the centre of the plot (images on 
attached CD). 
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3.1.4  Analysis of forest structure 
Tree size structure 
  All data was entered in Excel. SAS (version 6.12; SAS Institute 1989) was 
used to sort data and for analysis (files on attached CD). The dbh of the trunk or the 
largest stem of multi-stemmed trees was used to construct a size class frequency 
distribution for tree species ≥ 3cm to describe the population structure of the forests. 
The species were sorted into size classes all 3 cm wide beginning at 3 cm dbh  
(eg 3 – 5.99 cm) and continuing in 3 cm increments to 51- 53.99 cm size class. As 
few trees were larger than 54 cm, all trees with a dbh > 54 cm were grouped into one 
class ie ≥ 54 cm. The density per hectare was calculated to make comparisons across 
species, and the size structure of species compared by plotting size density 
distribution.  
 
Seedlings and saplings 
Although seedling data was collected in four height classes, for analysis they 
were grouped into one height class due to the small number of seedlings >15cm. The 
density per hectare was calculated for both canopy and subcanopy seedling and 
sapling species. 
 
Forest communities - Cluster analysis  
Major forest groupings were identified by a cluster analysis using PATN 
(Pattern Analysis Package, Belbin 1994, Division of Wildlife Ecology, CSIRO 
Australia). There is a range of procedures used for cluster analysis.  Krebbs (1999 
(2nd Ed)) and Waite (2000) conclude that no single method is best in all situations 
but that group average clustering methods as described here, generally perform best.  
This analysis used the species stem density in plots 1- 40 and patterns of 
association were found by a hierarchical clustering process. First, all tree species  
 ≥ 3 cm were grouped into diameter size classes as set out in section 3.1.2 and the 
number of stems in each diameter class in each plot were used as the abundance 
measure to compare one plot with another.  The degree of similarity in species-size 
structure between each plot was evaluated using the Bray-Curtis similarity to 
construct a matrix of pairwise distances between plots. Secondly, an agglomerative 
clustering (unweighted pair-group method using arithmetic averages - UPGMA) was 
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used to group plots on the basis of their pairwise similarities (Baker, 1992). In this 
method a plot is joined to another plot if the average similarity values between it and 
all members of the group is higher than its similarity to any other plot. Two plots are 
fused if the average similarity between all members of each plot is higher than with 
any other plot. The resulting dendrogram clustered the 40 plots into five main 
groupings.  
Bar graphs (using SigmaPlot version 5.0) of the species in each diameter 
class in the five main forest communities, were constructed from raw data (converted 
to density per hectare). The species-diameter-size-class graphs were compared across 
each grouping to name five forest communities based on Atkinson’s (1985) method 
of naming vegetation communities from quantitative data. 
  
Analysing increment cores 
Following standard dendrochronological procedures increment cores were 
mounted in slotted wooden blocks and sanded till tree rings were clearly visible 
(Stokes and Smiley, 1968). It was assumed that the trees produced annual growth 
rings. Growth rings were counted under a variable power binocular microscope to 
determine age.  
Where the increment core had failed to reach the chronological centre several 
methods were used to estimate tree age. In cases where the centre of the tree was 
rotten, tree age was extrapolated from partial increment cores by assuming that the 
chronological centre was at the geometric centre of the tree. Ages were calculated 
using the difference between the length of the partial increment core and the 
geometric radius (Norton et al., 1987). The mean ring width of all rings of the partial 
increment core was used to estimate the number of rings between the end of the core 
and the geometric centre of the tree. Partial increment core length was measured to 
the nearest millimetre using a steel rule and cores shorter than 70% of the radius of 
the tree were not used to estimate tree age because of the large errors associated with 
estimating the age of missing core sections of this portion (Norton et al., 1987).  
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These calculations were then used in the following equation.  
  age  =  (r – p) / (p / N) + N  
where   
r = geometric radius 
  p = partial core length 
            N = total number of rings present in the partial core 
 
Increment cores with visible inner growth ring arcs, showing that the 
chronological centre was narrowly missed, were aged using the geometric model in 
Duncan (1989). This method assumes concentric growth from the tree’s 
chronological centre and uses the height and the length of the largest visible arc to 
estimate the length of the missing radius. Distances for arc height, arc length and 
mean ring width were measured using a Velmix travelling stage and an Olympus 
binocular microscope.  
Where the increment core did pass directly through the chronological centre, 
tree age was determined from the core. None of the age estimates in this study were 
corrected for tree growth to coring height. Regression analysis (using ‘R’ version 
1.7.0) was used to determine the relationship between age and dbh. 
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3.2  Effect of burrow-breeding seabirds on seedlings 
3.2.1  Establishing exclosures    
To determine whether seedling establishment and survival is affected by the 
activity of burrow-breeding seabirds I placed in April 2002 wire netting exclosures in 
30 forest plots, to exclude the seabirds, and matched these with 30 controls. The 
paired plots were marked out using removable frames (templates) and placed in 
similar site characteristics, not more then 1 m apart, and close as possible to the 
centre of each of the 30 randomly located 10 × 10 m forest plots (Figure 3.5). 
Control plots and exclosure plots were randomly allocated. No exclosures or controls 
were placed over burrow entrances. As requested by Department of Conservation, 
exclosures and controls were at least 10 m away from any known Chatham petrel 
burrow. The exclosures were constructed from wire mesh (25 × 20 mm) with 
dimensions of 0.5 × 0.5 m and 0.2 m high, open on the bottom and held in place with 
aluminium pegs at each corner and at the midpoint of each side. The diagonally 
opposite corners of the control were marked with aluminium pegs and flagging tape 
(Plate 3.2).  
 
3.2.2  Vegetation sampling and analysis 
At establishment in April 2002 I counted the number of individual woody species in 
each exclosure and control plot in four height classes (<5cm, 5 - <10 cm, 10 – <15 
cm, 15 – <20 cm). At the same time litter cover in the control and exclosure plots 
was recorded in 6 classes of percent cover (Braun-Blanquet, 1932). The number of 
woody species was recounted in January/February 2003 and the litter cover (in the 
control and resting on the wire cage) was estimated at the same time using the 6 
classes of percent cover (Appendix 4). When resampling the plots in 2003, I found 
one of the 30 plots, No. 7, had been affected by seabird burrowing so this pair of 
plots was dropped from further analysis. Thus a total of 29 exclosures paired with 29 
controls were sampled nine months apart. 
A paired t-test (‘R’ version 1.7.0) was used to compare the number of 
seedlings in controls and exclosures at the start of the experiment (April 2002) and 
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nine months later in January/February 2003.  To identify seedling density in the four 
height classes a table of all woody species was constructed. 
 
Figure 3.5   The paired plots (0.5 cm × 0.5 cm × 0.20 cm - not drawn to scale) were 
marked out using removable frames (templates) that were placed not more then 1 m 
apart on similar sites and close as possible to the centre of each 10 × 10 m forest 
plot. Control (C) and Exclosure treatments (E) were then randomly allocated.  
 
 
5m 
 B Corner 
      C Corner D Corner 
 
A Corner 
A B 
D C 
 E   
  50cm 
 C     
  50cm 
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3.2.3  Burrow density and canopy cover 
Burrow density 
Burrow entrances are the best available method to assess seabird presence 
without the time consuming use of endoscopes (Warham, 1996). To determine 
whether burrow density was related to the number of seedlings present, I counted the 
total number of burrow entrances in each randomly located 10 × 10 m plot 
(methodology for siting plots described in section 3.1) and no distinction was made 
as to the size of the burrow entrance.  
Correlation analysis (‘R’ version 1.7.0) was used to determine whether there 
was a relationship between the density of burrows in 10 × 10 m plots (within which 
exclosures/controls were placed) and the number of seedlings found in the 
exclosures/controls in January/February 2003. To determine whether burrow density 
significantly differed between forest communities, burrow densities in the forest 
communities were compared (ANOVA and Tukey’s honestly significant difference 
(HSD) ‘R’ version 1.7.0). 
Plate 3.2  The wire mesh exclosure cage 0.5 x 0.5 x 0.2 m on the right and the 
control on the left were randomly allocated. The white template, marking the 
control plot on the left, was removed once the plot was marked with aluminium 
pegs and flagging tape. 
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Canopy cover   
Canopy cover directly above the exclosures and controls were recorded in 6 
classes of percent cover (Braun-Blanquet, 1932) in April 2002 and January/February 
2003. Over two-thirds of the exclosure/control plots were classed in the 75%-100% 
canopy cover class. I considered this too coarse to predict the effect of light on 
seedling establishment and in January/February 2003 I used a Nikon Coolpix 950 
digital camera with a Nikon Fisheye LC-ER1 lens to record images of percent sky in 
the canopy (Plate 3.3 and CD Appendix). Photos were taken by holding the camera 
above the head directly over the exclosures/controls.  
The Fisheye lens images were analysed using Adobe Photoshop Software 
(version 7). The Histogram function was used to calculate the number of pixels in the 
image that was sky. Following Sullivan’s (2002) methods the colour selection was 
set to pure white and the fuzziness to 150 which was sufficient to encompass the 
variation between white cloud and blue sky without selecting foliage. Using the 
percent canopy cover calculated from the image analysis, a regression analysis was 
then used to compare canopy cover and seedling density (January/February 2003) in 
the exclosures and controls. 
  
 
Plate 3.3  Fisheye lens photo of canopy cover  
above Plot 15, South East Island, January 2003. 
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3.2.4  The relationship of site characteristics to burrow density  
Classification and regression trees are ideally suited for the analysis of 
complex data ecological data (De'ath and Fabricius, 2000; Crawley, 2002). I used a 
regression tree model (rather than a classification tree) to relate burrow density to site 
variables, as the response variable, burrows, is continuous. An assumption of this 
model is that the response variable (burrows) is normally distributed and the 
histogram function in ‘R’ was used to confirm this.  
The following site variables were used: forest type/community, aspect 
(degrees away from north), slope (degrees), altitude (m), distance from sea (m) and 
tree density (number of trees ≥ 3cm dbh). An additional five variables measured in 
the April 2002 were not included in the tree regression they were: percent cover bare 
ground, canopy cover, cover of herbaceous plants, litter cover and cover of logs on 
the ground. These variables were not included as they may not be explanatory 
variables in the sense that large amounts of bare ground and low cover of herb and 
litter are likely to be caused by high density of seabird burrows rather than those 
variables that cause differences in burrow density. Hence they were left out of the 
model.    
The tree is constructed by repeatedly splitting the data into two groups based 
on a single explanatory variable. At each split the data set is partitioned into two 
mutually exclusive groups, each of which is as homogenous as possible. The splitting 
procedure is then applied to each group separately. The objective is to partition the 
response into homogenous groups, but also to keep the tree reasonably small. The 
tree model will continue to split until there are too few observations in the terminal 
node. I set the minimum size for a terminal node as being three as this was the 
smallest number of plots in any forest community. Splitting was continued until an 
overlarge tree was grown. This was then ‘pruned’ or simplified (using ‘prune.tree’ 
function in R) to identify where adding extra nodes did little to reduce the deviance 
and thus explain extra variation. 
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3.3  Canopy Gap and Controls 
3.3.1  Sampling methods 
Locating transects 
To investigate the role of canopy gaps in forest regeneration, 30, 100 × 20 m, 
transects were surveyed. To locate the transects, the forest was stratified into four 
areas (Figure 3.1).  Five transects were allocated to eastern and western aspects of 
Woolshed Bush respectively and 10 to eastern and western aspects of Top Bush 
respectively. Tracks were used as transects to minimize burrow damage. Track 
names from each of the stratified areas were randomly drawn. If the track was found 
to be less than 100 m long, the transect continued along the new track it joined. If 
there was a choice of direction this was randomly chosen. Canopy gaps were located 
by walking along the track and searching 10 m either side of the track. With a sparse 
understorey viewing 10 m posed little problem. Fourteen canopy gaps were found 
from a total survey area of six hectares (Figure 3.6). 
 
Gap definition and survey layout  
A canopy gap was defined as an area open to the sky ≥5 m × 5 m created by a 
tree or limb fall, extending through all levels of forest. Each canopy gap was 
delimited by vertically projecting the opening in the canopy to the ground surface 
(Brokaw, 1982). Individual areas of canopy gaps were calculated by fitting their 
lengths, L, (longest distance from gap edge to gap edge) and widths, W, (longest 
distance at right angles to the length) and surveyed using methods based on Stewart 
et al. (1991).  
The vertical projection of the canopy opening was used to delineate the area 
for laying out the subplots. These had a radius of 49 cm and an area 0.75 m2 and 
were located alternately left and right every metre down the centre line. The distance 
from the centre line was decided by random whole numbers (i.e. 0, 1, 2, 3, 4). A tape 
was laid in a rectangular shape around the perimeter, defined by the length and 
width, to count burrows (Figure 3.7). 
The gap area (A) was calculated using the formula for an ellipse which best-
described gap shape, A= π LW/4 where length L (longest distance from gap edge to 
gap edge) and width W (longest distance at right angles to the length).  The fraction 
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 of land surface in canopy gaps was then estimated as a proportion of the transects 
surveyed and the difference in gap area compared between Woolshed Bush and Top 
Bush. 
 
 
 
Figure 3.6  The location of 14 canopy gaps found on 30 randomly chosen tracks within a 
stratified sampling scheme of 20 × 100 m transects, South East Island, Chatham Islands. 
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Figure 3.7  Diagrammatic representation of a canopy gap layout showing location of 
subplots (every metre) alternating left and right, at a random distance from the tape that 
marks the longest distance from gap edge to gap edge. X represents the measurement 
recorded where the tape marking the longest distance intersects with the tape marking the 
widest distance. All measurements were recorded for replicating layout for control plot. The 
ellipse shape represents the vertical projection from the canopy gap to the forest floor for 
calculating the area. The rectangle shape represents the placement of the tapes for counting 
burrow entrances. The rectangular shape for burrow count was adopted to ensure accuracy 
burrow count and replication.  
 
Control plots, of the same dimensions as the canopy gap, and with similar 
aspect, slope and other site characteristics to the gap were surveyed to compare 
regeneration in undisturbed forest. The control plot was located using a random 
number to give a compass direction away from the canopy gap. A minimum distance 
of 5 m was set to avoid canopy edge effects of light reaching the forest floor but not 
more than 10 m from the canopy gap to avoid marked changes in site characteristics.  
Plot identification information was recorded on the Canopy Gap Data Sheet 
and Control Data Sheet (Appendix 5). These were: track name, transect number, 
gap/control number, distances along transect, and a sketch of the gap/control layout.  
Site features and environmental variables (slope, aspect, distance from sea and bush 
edge) were recorded as set out in section 3.1.2 to investigate their influence  
on tree fall. These were plotted using the histogram function in R. 
1m 1m 
 X 
Width = widest 
distance from gap 
edge to gap edge 
 
Length = longest 
distance from gap 
edge to gap edge 
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Sampling and analysis  
The number and species of all woody species seedling and saplings growing 
in gaps and paired control areas were counted in each subplot to determine 
composition and structure. Seedling species were counted in three height classes <15 
cm, 15 - <45 cm, 45 -  <135 cm and all saplings, defined as  >135 cm  and <3 cm 
dbh, were counted. To determine the difference in the density of seedling and sapling 
regeneration between controls and canopy gaps, and the difference in height-class 
frequency for woody species graphs were constructed (SigmaPlot version 5.0).  
Paired t-tests (using ‘R’ version 1.7.0) were used to identify whether there was any 
significant difference in the mean number of seedlings and saplings found in gaps 
compared with controls and the density of burrow s in gaps compared with controls.  
To identify the characteristics of gapmakers, the tree species, diameter at 
breast height, and the method of gap making (1= uprooted; 2 = partly uprooted; 3 = 
broken stump; 4 = standing dead; 5 = limb dead or broken) was recorded. No fallen 
branches created large enough canopy gaps to be included. For multiple treefalls, the 
tree that knocked over the other trees was identified as the gap maker. The compass 
direction of the tree fall was recorded.   
 
3.4  Photographs and photopoints to monitor change 
Old photographs 
Aerial photographs (1971, 1982 and 1997) were procured from NZ Aerial 
Mapping to identify whether any major landscape changes of forest spread could be 
identified from the air. Contact was also made with researchers who had spent time 
on the island in the 1960s and 1970s to access and view their photographs with a 
view to identifying records of tree cover and vegetation at that time. 
 
Establishing photopoints 
Seven photopoints, each with several photoframes (directions) were 
established on the island to begin the process of formally identifying both small-scale 
and landscape changes in the vegetation. The method proposed is similar to that 
described by Mark (1978) who tracked vegetation changes in Mount Aspiring 
National Park and by Debussche et al.(1999). All photopoints were GPS referenced 
and marked where possible, with permanent markers. A sheet was prepared 
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(Appendix 6) for each photopoint, providing information on: date, time, film type 
and speed, sketch of photopoint with 3 reference points to the photopoint and 
compass bearing for the photoframe. Copies of these are lodged with Department of 
Conservation Chatham Island Area Office, Wellington Conservancy and attached 
CD. 
Four photopoints were chosen to monitor changes on a landscape scale and 
were positioned where the view from the photopoint would not be grown out: Trig 
Track overlooking Woolshed Bush, The Trig, below The Trig overlooking Thinornis 
Bay and to the Summit). Four photopoints were established to monitor small-scale 
changes in vegetation: blackberry, Muehlenbeckia, bracken and pasture.   
Photos were taken in April/May 2002 and again in Jan/Feb 2003. No change 
was expected in such a short period but the difference between winter and summer 
photos were considered to be useful in identifying the percent canopy cover of 
deciduous Plagianthus.  
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4.1 The Forests   
4.1.1  Composition and structure of the forests 
Canopy species 
The forests of South East Island are simple in structure and comprise, in 
varying combinations, eight tree species (4 canopy and 4 subcanopy). The canopy 
species are Plagianthus chathamicus, Olearia traversii, Coprosma chathamica and 
Myoporum laetum with a maximum canopy height between 10-15 m.  Although kopi 
or karaka (Cornyocarpus laevigatus) is commonly found on the main Chathams and 
adjoining Pitt Island none were found in the 100 m² vegetation plots, although some 
mature trees were noted on the hut-side edge of Woolshed Bush. 
The four canopy species show very different size frequency distributions:  a 
bell shape for Plagianthus, a reverse J-shape for Coprosma and generally scattered 
mid-large sized trees for the Myoporum and Olearia (Figure 4.1). The Plagianthus 
bell shaped frequency distribution lies within the 6 cm to 30 cm dbh size-classes and 
larger trees are rarely found (Figure 4.1). For all four species, density in size classes 
greater than 30 cm dbh is low, with less than 10 trees per hectare in any size class. 
The exception is Olearia that dominates the ≥ 54 cm dbh size-class at c.32 trees per 
hectare (Figure 4.1). These key differences among the species in size-class frequency 
have important implications for regeneration processes, and imply that regeneration 
patterns are very different for each species.  
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            Figure 4.1.  Density per hectare in diameter size-classes of the four canopy species  
            on South East Island, Chatham Islands. Note that Olearia dominates the larger dbh  
            size class. 
 
Sub-canopy species  
The four understorey species all have a reverse J-shaped size-frequency 
distribution, they are: Melicytus chathamicus, Macropiper excelsum, Myrsine 
chathamica and Pseudopanax chathamicus (Figure 4.2). Melicytus chathamicus was 
the most common species found in the sub-canopy. In the autumn and winter months 
the deciduous Plagianthus sheds its leaves, exposing this taller (up to 6 m) 
understorey species creating in effect a two-tiered canopy forest in areas dominated 
by Melicytus. Melicytus dominated the 3, 6 and 9 cm dbh classes but no trees larger 
than 15 cm dbh class were found whereas Myrsine which similarly grew up to 6 m in 
height had a much lower density per hectare but was found in all size classes up to 
and including 27 cm dbh class (Figure 4.2).  Macropiper had a limited dbh size 
frequency - none were found greater than 11 cm dbh. Myrsine and Macropiper 
produce root suckers, enabling them to form thickets. Due to small numbers, 
Pseudopanax, was not included in Figure 4.2. Total forest stem densities per/ha for 
Pseudopanax dbh size-classes were: 3 cm = 35, 6cm = 12.5, 9cm = 12.5 and 12 cm = 
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2.5 again showing a reverse J-curve frequency distribution. Pseudopanax had a 
maximum canopy height of 12 m though only a few approaching that height were 
observed in the forest and none within the 10 × 10 m vegetation plots.   
 
 Figure 4.2   Diameter size-class of three main understorey species on South East  
             Island, Chatham Islands. Myrsine chathamica was found in the larger diameter size   
             classes.  
 
Seedlings and saplings  
Analyses of the understorey subplots reveal very patchy seedling 
establishment of canopy species. Plagianthus dominated the subplots with no 
Olearia or Coprosma seedlings found and very few Myoporum. On reaching the 
sapling height-class, Plagianthus had dropped from 4208 seedlings to 28 saplings per 
hectare, indicating few seedlings survived long. While Coprosma saplings were 
found, these were limited to densely regenerating Coprosma areas and not distributed 
throughout the forest (Table 4.1).  Of the sub-canopy species both Melicytus and 
Macropiper were approximately equal in density at the seedling stage but, by the 
sapling stage, Melicytus and Myrsine are the more dominant species (Table 4.1). 
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Table 4.1  Density per hectare of seedlings in subplots (8 × 0.75 m²), and  
saplings in 10 × 10 m vegetation plots, of canopy and sub-canopy species,  
South East Island (March/April 2002). 
 
A. Canopy Species        Seedlings          Saplings 
Plagianthus chathamicus 4208                        28 
Olearia traversii  0 0 
Myoporum laetum  42 0 
Coprosma chathamica   0 105 
 
B. Sub canopy species    
Melicytus chathamicus  3583 1030 
Macropiper excelsum  3459 855 
Myrsine chathamica   2750 1005 
 
Lianes 
Ripogonum scandens was the only abundant liane inside the bush, though 
Muehlenbeckia australis dominated the margins and gaps. 
 
 
4.1.2  Forest Communities   
The cluster analysis based on a Bray-Curtis similarity matrix (unweighted 
pair group method of averaging) was used to identify five forest communities (Figure 
4.3). The similarity of association in Figure 4.3 would suggest that plot 18 would 
normally be separated into another group.  However examination of the species size-
class frequency in plot 18 showed that while plot 18 had few small (<15 cm dbh) 
Coprosma that dominated plots 13 and 31 it shared in common significantly more 
Coprosma and Olearia than any other forest plots. 
Size-class frequency bar graphs of canopy and subcanopy species in each 
community were then constructed (Figures 4.4, 4.5, 4.6).  To visually identify the 
dominant canopy and dominant subcanopy species, a vegetation naming method 
adapted from Atkinson (1982) was used to name the forest communities  (Table 4.2). 
Note the forest community named using a canopy and subcanopy species are 
separated by a forward slash (/). Forest communities named after two canopy trees 
are separated by a dash (-). Italics are used in naming the Mixed Forest community to 
emphasize that this is a forest community name.  
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The five communities are: 
1. Plagianthus Forest,  
2. Mixed Forest    
3. Plagianthus/Melicytus Forest   
4. Plagianthus/Myrsine Forest  
5. Coprosma-Olearia Forest 
The first two forest communities, Plagianthus forest and Mixed Forest (12 
plots each), make up 60% of the forest plots and Plagianthus/Melicytus (10 plots) 
comprise a further 25% of the plots.  All three main understorey species are 
approximately equally represented in the Mixed Forest. Macropiper excelsum is 
absent in one community (Plagianthus/Myrsine) and has a very low presence in two 
others. Few trees are found in the larger diameter size-class (> 30 cm dbh) in any of 
the forest communities, except for Olearia traversii, although this species was absent 
in the Myrsine/Plagianthus forest and barely present in the Plagianthus forest. 
Conversely, Olearia is rarely found in the smaller diameter classes. 
A map identifying the forest communities (Figure 4.7) shows some pattern to 
the forest cover. The Mixed Forest community was found mostly in Top Bush (11 out 
of 12 plots), Coprosma-Olearia forest community was found only in Top Bush 
(Coprosma favouring the damper areas) while the Plagianthus/Myrsine forest was 
only in the Woolshed Bush. Both Plagianthus and Plagianthus/Melicytus forest 
communities were evenly spread between Top Bush and Woolshed Bush (5 in each) 
and favoured the forest edges. The Mixed Forest had the largest number of dead trees 
in ≥9 cm dbh size-class whereas the densely regenerating Coprosma-Olearia forest 
had a large number of small dead trees (≤9 cm dbh size-class). The highest density of 
Pseudopanax was found in the Coprosma-Olearia forest with a density of 133 per/ha 
in ≤9 cm dbh size-class. 
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           0.2860      0.4468      0.6076      0.7684      0.9292      1.0900 
                |           |           |           |           |           | 
 1       (    1)_____                                                         
 37      (   37)____|____________                                             
 8       (    8)___             |                                             
 25      (   25)__|___________  |                                             
 11      (   11)_____        |  |                                             
 38      (   38)____|____    |  |                                             
 19      (   19)________|__  |  |                                             
 14      (   14)__________|__|__|____                                         
 2       (    2)_______________     |                                         
 35      (   35)______________|____ |                                         
 21      (   21)__________________|_|___________                              
 4       (    4)_______________________________|____                          
 15      (   15)___________                        |                          
 16      (   16)__________|________                |                          
 29      (   29)__________________|__              |                          
 26      (   26)______              |              |                          
 30      (   30)_____|________      |              |                          
 28      (   28)_____________|______|____          |                          
 36      (   36)__________________      |          |                          
 39      (   39)_________________|______|___       |                          
 17      (   17)_______________            |       |                          
 34      (   34)______________|_____       |       |                          
 23      (   23)_______________    |       |       |                          
 32      (   32)______________|____|_______|_______|_____                     
 5       (    5)_________                               |                     
 22      (   22)____    |                               |                     
 27      (   27)___|____|_____                          |                     
 24      (   24)________     |                          |                     
 33      (   33)_      |     |                          |                     
 40      (   40)|______|_____|___                       |                     
 7       (    7)_______         |                       |                     
 9       (    9)______|________ |                       |                     
 20      (   20)______________|_|_________________      |                     
 12      (   12)_________________________________|______|___________          
 3       (    3)____________________                               |          
 6       (    6)_______            |                               |          
 10      (   10)______|____________|_______________________________|_________ 
 13      (   13)_________________________                                   | 
 31      (   31)________________________|________________________________   | 
 18      (   18)________________________________________________________|___| 
                |           |           |           |           |           | 
           0.2860      0.4468      0.6076      0.7684      0.9292      1.0900 
 
 
Figure 4.3  Dendrogram from a cluster analysis showing the Bray-Curtis similarity (unweighted pair group 
method of averaging) among the 40 vegetation plots. Vertical numbers on the left name plots 1-40. Numbers 
along the top and bottom (0.2860-1.0900) indicate the similarity between plots. Five main groupings were 
identified which are named after the dominant canopy/subcanopy or canopy-canopy species. The closer the 
similarity is to 0 the more similar the relationship, for example, plots 13 and 31 are more similar to each other 
than plot 18. 
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Table 4.2.  A summary of the characteristic features of the five forest communities identified by 
the cluster analysis. 
 
 
 1. Plagianthus Forest (12 plots).  Canopy of Plagianthus chathamicus (ribbonwood) and  
    understorey, of equal density, of both Melicytus chathamicus (mahoe) and  Myrsine  
    chathamica (matipo), few other species present.  The size-class profile shows few live or  
    dead species in the larger dbh class, suggesting this forest is a young forest community. 30%   
    of the forest is in this forest type, which is found equally in both Woolshed Bush and Top  
    Bush (5 plots each). Mean seabird burrow density: 1.406 ± 0.524 m-2. 
 
2.   Mixed Forest (12 plots).  All canopy species {Plagianthus chathamicus, Olearia traversii    
     (akeake) Coprosma chathamica (karamu) and Myoporum laetum (ngaio)}, all understorey  
     species including  Macropiper excelsum present. 30% of the forest is in this forest type. A  
     higher dbh size-class (including dead trees) was found in this forest suggesting a more  
     mature forest. This forest was predominantly found in the Top Bush (11out of 12 plots).  
     Mean seabird burrow density:  1.057 ± 0.463 m-2. 
 
3.  Plagianthus/Melicytus Forest (10 plots).  Canopy Plagianthus chathamicus and  
     understorey dominated by Melicytus chathamicus.  25% of forest in this forest type which is  
     found equally in both Woolshed Bush and Top Bush (5 plots each). Mean seabird burrow  
     density: 1.391 ± 0.657 m-2. 
 
4.   Plagianthus/Myrsine Forest (3 plots).  Canopy dominated by Plagianthus chathamicus  
      understorey dominated by Myrsine chathamica. 7.5% of forest in this forest type. Mean   
      seabird burrow density:1.693 ± 0.170 m-2. 
 
5.   Coprosma – Olearia Forest (3 plots). Coprosma chathamica and Olearia traversii in the   
      canopy. Plots 13, 31 are characterised by young densely regenerating Coprosma  
      chathamica forest mostly in the damp areas of  Top Bush, 7.5% of the forest is in this   
      forest type. Mean burrow density:  0.366 ± 0.371 m-2. 
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Figure 4.7   A cluster analysis was used to classify the 40 forest plots into five forest 
communities, South East Island, Chatham Islands. (Shaded area is forest.) 
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4.1.3  Age of forest trees 
Of the 153 cores taken only the Plagianthus (n=75) produced rings clear 
enough to accurately age all the tree cores. The large majority of these trees were less 
than 50 years old, which suggests that most of the present Plagianthus forest, has 
regenerated since farming ceased in 1960s (Figure 4.8). Of the 75 Plagianthus aged 
the mean dbh was 23.6 ± 7.9  and the mean age was 30.6 ± 9.7 (range19-70 years). 
The relationship between diameter and age is weak (r2 = 0.353, Figure 4.8). 
 
 
Figure 4.8  Relationship between dbh and age (years) for 75 Plagianthus trees  
cored in the 40 plots on South East Island, Chatham Islands. The vertical line  
indicates when the island became a reserve (1954). 
 
Of the remaining 78 cores, 16 were considered clear enough to attempt aging  
(5 Coprosma, 4 Melicytus, 3 Myoporum, 4 Olearia) although the poorly delineated 
growth rings in these species gives some uncertainty to the data. Figure 4.9 shows 
the ages obtained for these species. These show a similar age structure to 
Plagianthus most having regenerated since farming ceased, that is, they are less than 
50 years old. 
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Farming ceased on 
the island in 1954 - 
48 years ago.  
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Of the 21 trees rejected for coring due to a rotten centre, 7 were Olearia, 5 
Coprosma and 5 Plagianthus. These trees, with one exception, a Plagianthus, came 
from Top Bush and more than half had a dbh > 40 cm suggesting these were mature 
trees pre-dating the cessation of farming in 1960s. 
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4.1.4  Site variables  
The five forest communities were significantly different in three site 
variables: stem density, canopy cover and log/limb cover (Table 4.3). In the 
Coprosma-Olearia forest the density per hectare of stems (>3 cm) was significantly 
higher than all other forest communities (P< 0.05, Tukey’s HSD test). The canopy 
cover in the Plagianthus forest was significantly less than the canopy cover in the 
Mixed Forest (P< 0.05, Tukey’s HSD test), but not significantly different from the 
other two communities that had a large density of Plagianthus species 
(Plagianthus/Melicytus and Plagianthus/Myrsine) or the Coprosma-Olearia forest 
community. Log and limb density was significantly greater in the 
Plagianthus/Myrsine forest community compared to either Plagianthus/Melicytus 
community or Mixed forest community (P< 0.05, Tukey’s HSD test). 
Figure 4.9  Increment cores for the four species (other than  Plagianthus) 
showing the relationship of dbh to age. Most of these have regenerated 
since the island became a reserve in 1954 (vertical line). 
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Table 4.4  Paired t-test to determine whether excluding burrow-breeding seabirds affects  
woody seedling establishment in exclosure and control plots (0.25 m²) on South East Island.  
The means are the mean number of woody seedlings counted in control and exclosure plots  
in April 2002 and again in Jan/Feb 2003. Exclosure 02 & 03 = Exclosure plots sampled in 
2002 & 2003; Control 02 & 03 = Control plots sampled in 2002 & 2003.  
 
Comparison n Mean no. seedlings ± SE t-value P-value 
     
Exclosure 02    30 0.67 ± 0.47 -1.683       0.103 
Control 02 30 0.80 ± 0.54   
     
Exclosure 03 29 24.86 ± 4.93 5.030 <0.001 *** 
Control 03 29 3.76 ± 1.32   
     
 
Table 4.3    Site variables for the five forest communities. Variables in any column sharing 
the same letter are not significantly different from each other at P < 0.05 (Tukey’s HSD test). 
  
Forest 
Community  
Tree 
density 
per ha 1 
Mean 
aspect 2 
Mean 
slope 
(degrees) 
Mean 
altitude 
(m) 
Mean 
canopy 
cover 3 
Mean  
herb 
cover3 
Mean 
litter 
cover3 
Mean 
logs/ 
limbs3 
Plagianthus 3,058a 57a  10.25a  67.58a  4.62a  0.14a 3.35 a  3.25 ab   
Mixed 4,250a  66a   7.83a  85.00a  5.37b  0.00a  4.31a  3.35 b  
Pla/Melicytus 4,600a  58a  4.25a  54.00a  5.17ab 0.17a  3.80a  3.47 b  
Pla/Myrsine 3,300a 57a 1.66a  33.33a 5.16ab  0.00a  4.00a  2.00a 
Cop-Olearia 9,567b 43a  5.00a  106.66a 5.50ab  0.58a  4.66a 2.41 ab  
 
1All trees ≥3 cm       2  Aspect – degrees away from north,  3Braun-Blanquet cover scale <1% = 
1, 1-5%= 2, 6-25%=3, 26-50%=4,51-75%=5,76-100% =6.  
 
4.2  Effects of seabird activity on forest regeneration 
4.2.1  Paired exclosures and controls 
At the start of the study, April 2002, I counted all woody species in both 
control and exclosure plots and found no significant difference in the mean number 
of seedlings (Table 4.4). Nine months later, a significant difference was found in the 
mean number of woody seedlings in the exclosures compared to the controls (the 
mean change in seedling numbers in exclosures was 24.86 and controls 3.76 – Table 
4.4). This indicated that seabird activity had significantly inhibited regeneration of 
woody species in the forest understorey. Plate 4.1 visually demonstrates the bare 
ground recorded at establishment of plot 25 compared with the seedlings found nine 
months later (Plate 4.2).  
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Control plots 
The mean number of seedlings in the control plots increased significantly 
between the first measurement in 2002  (mean = 0.83 ± 0.56) and the second 
measurement in 2003 (mean = 3.76 ± 1.32, t = -2.109, P = 0.043). Though still small 
compared with changes in the exclosures, the increase in the number of seedlings 
may be explained by the timing of the second count (late January early February). 
This count was undertaken prior to the arrival in mid-February of the broad-billed 
prions (estimated pop 330,000 breeding pairs) for burrow prospecting, with 
consequent seedling disturbance. This may explain the increase in the number of 
seedlings in the 2003 controls compared with the 2002 census. My experience in 
2002 on the island was broad-billed prions arriving ‘en mass’ in mid-February with 
numbers steadily increasing until mid April and then tailing off to low numbers by 
the beginning of May.  
 
 
 
 
 
 
 
Plate 4.1  Plot 25 at establishment in April 2002. Exclosure (rear) without wire mesh cover in 
place and Control (front). No seedlings present in either the control or exclosure. 
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Plate 4.2  Plot 25 - 9 months later – Feb 2003. On the left the exclosure with 19 woody 
species seedlings present as well as many herbaceous Carex species of varying heights. 
Control plot 25 on the right had only one woody species seedling (Melicytus <5 cm) but 
more herbaceous Carex species (c. 45). However these were smaller (< 5cm) than those seen 
in the exclosure on the left. 
 
Seedling height classes  
The height and frequency of the canopy species Plagianthus after nine 
month’s growth confirms its role as pioneer species with a vigorous growth pattern 
(Table 4.5). Similarly, the subcanopy species Melicytus showed a higher frequency 
of seedling establishment after nine months than any other subcanopy species. While 
Myrsine was plentiful in the understorey subplots in 2002 few were found in the 
2003 exclosures (Table 4.5) despite a reasonable fruiting season being recorded in 
the preceding year (Bridson and Johnston, 2002). Not included in Table 4.5 are 
Myoporum (2 seedlings found <5 cm in the exclosures 2003) and Olearia and 
Coprosma (no seedlings found of either species). These findings are consistent with 
the low seedling count for these species found in the vegetation plot survey in 2002 
(Table 4.1).  
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Table 4.5   Frequency of emerged woody seedling species, in four height classes, found in 29 
randomly placed exclosures and controls on South East Island, Chatham Islands. Seedlings 
were counted in the exclosures and controls in April 2002 and again in January/February 
2003. 
 
Comparison Species <5 cm 
6 - 
10 cm 
11 - 
15 cm 
16 - 
20 cm 
      
Exclosure April 2002 Plagianthus chathamicus 11 0 0 0 
Exclosure Feb 2003  209 52 46 0 
Control April 2002  7 5 0 0 
Control Feb 2003  17 1 0 2 
      
Exclosure April 2002 Melicytus chathamicus  1 2 0 0 
Exclosure Feb 2003  269 2 0 0 
Control April 2002  3 0 0 4 
Control Feb 2003  67 0 0 4 
      
Exclosure April 2002 Macropiper excelsum 6 0 0 0 
Exclosure Feb 2003  89 0 0 0 
Control April 2002  4 1 0 0 
Control Feb 2003   8 0 0 0 
      
Exclosure April 2002 Myrsine chathamica  0 0 0 0 
Exclosure Feb 2003  21 1 0 0 
Control April 2002  0 0 0 0 
Control Feb 2003  2 0 0 0 
      
Exclosure April 2002  Muehlenbeckia australis 0 0 0 0 
Exclosure Feb 2003  4 0 3 4 
Control April 2002  0 0 0 0 
Control Feb 2003  1 1 0 0 
     
 
Total Control 02 14 6 0 4 
Total Control 03 95 2 0 6 
     
Total Exclosure April 2002 18 2 0 0 
Total Exclosure Feb 2003 592 55 49 4 
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Forest community as an indicator of seedling establishment in exclosures/controls 
The Plagianthus/Melicytus forest community exclosure plots recorded the 
highest mean change in the number of seedlings between 2002 and 2003 across the 
five forest communities and the Coprosma-Olearia the lowest (Table 4.6). However, 
because the mean change was not statistically significant (due to a high SD), these 
findings indicated a trend only (ANOVA, F4, 24 = 0.721, P = 0.586). A similar trend 
was found for control plots where mean seed change was compared among forest 
types, but again this was not statistically significant (ANOVA, F4, 24 = 2.649, P = 
0.058).  
 
Table 4.6 Mean change in seedling numbers between April 2002 and January/February 2003 
for exclosure plots and controls in each forest community and the standard deviation (SD). 
 
Forest community Seedling mean change in 
exclosures 2002-2003 (SD) 
Seedling mean change 
in controls 2002-2003 (SD) 
Plagianthus +27.88  (33.15) +0.22   (4.52) 
Mixed +20.00  (15.52) +1.87   (2.79) 
Plagianthus/Melicytus +34.28  (20.16) +10.00  (12.02) 
Plagianthus/Myrsine +13.00  (13.00)  -0.33   (0.57) 
Coprosma-Olearia                  +5.50    (5.65)  -0.50   (0.07) 
 
The effect of burrow density on seedling establishment in exclosures/controls 
Burrow count for the 30 vegetation plots (10 × 10 m) within which the 
exclosures were placed ranged from 0 – 223 with a mean of 1.237 ± 1.59 m-². Three 
plots had a very low burrow count (Plot 13 = 0 burrows, Plot 12 = 5 burrows, Plot 31 
= 20 burrows). These were in areas of densely regenerating Coprosma (Plots 13 and 
31) and Myrsine (Plot 12) forest. 
No relationship was found between seedling density in the exclosure plots 
(sampled in 2003) and burrow density (simple linear regression, r²=0.002, n=29, P = 
0.806) as measured in the 10 x 10 m plots within which the exclosure/controls were 
placed. Similarly, for the control plots there was no correlation between the density 
of burrowing and seedling establishment in January/February 2003 (simple linear 
regression, r² = 0.024, n = 29, P = 0.421).  
When the burrow densities of the forest communities were compared some 
significant patterns emerge (Table 4.7). Coprosma-Olearia forest had significantly 
lower density of burrows than any of the other forest communities except Mixed 
(Table 4.7) yet the lowest mean change in seedlings in the exclosures (Table 4.6). The 
highest density of burrows was found in the Plagianthus/Myrsine Forest (16,900 
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burrows per/ha or 1.693 ± 0.170 m-²) and this too had a very low mean change in 
seedling count in exclosures and controls (Table 4.6).  
Table 4.7   Burrow density per m2 (standard deviation) and per hectare in the five  
forest communities. Burrow density figures sharing the same letter are not significantly  
different from each other (P < 0.05 Tukey’s HSD test).  
  
Forest community Burrow 
density m-2 
Standard 
deviation 
Density per 
hectare 
Plagianthus   1.406ª 0.524 14,000 
Mixed    1.057ab 0.463 10,570 
Plagianthus/Melicytus 1.391ª 0.657 13,900 
Plagianthus/Myrsine 1.693ª 0.170 16,900 
Coprosma-Olearia 0.366b 0.371 3,700 
 
Effect of light on seedling establishment in exclosures 
A weak correlation was found between canopy cover, using percent sky 
analysis of fisheye lens photographs, and seedling numbers in the 29 exclosures at 
the January/February sampling (Figure 4.10).  
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Figure 4.10  Showing variation in the data and a very weak relationship  
between percent of canopy that is sky and seedling numbers counted in  
exclosures in January/February 2003 (simple linear regression,  
r² = 0.101, n = 29, P = 0.09)  
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4.2.2  The effect of site variables on burrow density 
The regression tree analysis modelled the effect of the following six site 
variables on burrow density: forest type, aspect, slope (degrees), altitude (m), 
distance from sea (m) and tree density (number of trees > 3cm dbh). After four 
divisions there was little gain in understanding the variation in the data from further 
divisions (Figure 4.11). Thus the regression tree was built on the first four nodes 
(Figure 4.12). 
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Figure 4.11  The change in the deviance as a function of the number of nodes (size) in the 
regression tree. After the fourth node (size 4) the change in deviance is very small indicating 
there is little gain in understanding the variation in the data from further divisions. 
|alt < 65
ftype:b treeden < 82.5
 84.500 173.100
102.600   8.333
 
Figure 4.12  Regression tree showing the first split divided the plots into two groups on the 
basis of altitude (alt), with plots <65 m altitude falling into one group, and plots >65 m 
altitude falling into the second. At the lower altitude the driving factor in burrow density was 
identified as forest type (ftype). Forest type b (Mixed Forest) was identified as having fewer 
burrows (mean 84.5) compared with other forest types (mean burrow density 173.1). At the 
higher altitude low tree density (treeden) < 82.5 was important factor in the number of 
burrows. The value below each terminal node is the mean of the response variable within 
that node, i.e. the mean number of burrows.  
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Of the six site variables the regression tree identified altitude as a significant 
indicator of burrow density (Figure 4.13). However, at an altitude of less than 65 m 
forest type was found to be an important indicator of burrow density, with Mixed 
forest having lower burrow density than other forest types. For plots at a higher 
altitude, tree density was an important indicator of burrow density. Aspect, slope and 
distance from sea were not important indicators of burrow density. 
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            Figure 4.13 As altitude increases burrow density  
decreases, South East Island, Chatham Island  
(ANOVA F1,38 = 14.261, P = 0.0005). 
             
4.3  Canopy gaps and controls 
4.3.1  Gap area 
A survey of six hectares, sampled by transects (30 ×100 m) recorded 14 
canopy gaps, six in Woolshed Bush and eight in Top Bush (Table 4.8). Canopy gaps 
were small, with a mean length of less than 8 m, a mean width of 5 m and a mean 
area of less than 32 m². Canopy Gaps in the Woolshed Bush were generally smaller 
(Figure 4.14) with a mean canopy gap area of 22 m2, compared to 38 m2 in Top Bush. 
The total gap area for Top Bush was relatively large because of one gap (number 14, 
at 72.3 m²), was 40% larger than any of the other gaps. This gap adjoined a second 
gap of even larger dimensions that fell outside the transect so was not surveyed, 
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however this was atypical of gaps in the forest. The total area found in canopy gaps 
on the island was 438.6 m2, or 0.73% of the total area surveyed (Table 4.8).  
 
Table 4.8  The location of transects, area surveyed, number of canopy gaps found and 
percent of total area in canopy gaps in the Woolshed Bush and Top Bush on South East 
Island.  
 
Location No of  
transects 
Area surveyed in 
transects (m²) 
No of 
gaps 
Area in gaps 
(m²) 
% of area 
surveyed in gaps 
 
Woolshed Bush  
 
10 
 
20,000 
 
6 
 
132 
 
0.66% 
 
Top Bush 
 
20 
 
40,000 
 
8 
 
307 
 
0.77% 
 
 Total 
 
30 
 
60,000 
 
14 
 
439 
 
0.73% 
 
 
 
Figure 4.14  Area (m2) of the 14 canopy gaps found in a survey of 30   
transects on South East Island, Chatham Islands. Top Bush gaps are  
shown in black. 
 
4.3.2  Gap maker characteristics  
Seventy-one percent of the gap makers were Olearia and 21% were 
Plagianthus. This is the reverse of their respective overall forest density where 
Plagianthus is dominant in three of the five forest communities. However, Olearia, 
unlike other canopy species, is found mainly in the larger dbh class-size (>20 cm, 
Figure 4.1). The dbh of gap makers ranged from 20 – 99 cm with a mean dbh of 57 
cm (Table 4.9). There was no significant difference in the dbh of the gap makers in 
the Woolshed Bush (mean dbh = 54 cm) and Top Bush (mean dbh = 58 cm).   
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The most common mode of treefall was through uprooting (71%). The leaves, 
twigs and bark of the fallen tree were not a good indication of the time since tree fall. 
The state of limb decay suggested that most trees were dead when they fell. A better 
measure of how recently the treefall had occurred was the height-class of 
regenerating seedlings and saplings (Figure 4.14) around the gap sites. These 
indicated most gaps were relatively recent.  The root system of all fallen trees had 
been heavily burrowed.  
 
Table 4.9  Species of gap makers, for Top Bush and Woolshed Bush, the diameter (dbh)  
and the method of gap making (class), South East Island.  
 
 Gap 
No 
Species of Gap makers 1 Dbh Class2 
Top Bush 13 Olearia traversii 95 1 
 9 Olearia  traversii 80 1 
 8 Olearia  traversii 71 1 
 11 Olearia  traversii 65 1 
 6 Plagianthus chathamicus 60 5 
 7 Olearia  traversii 52 3 
 14 Olearia  traversii 25 1 
 5 Unknown 20 1 
Woolshed Bush 2 Olearia  traversii 99 1 
 10 Olearia  traversii 58 1 
 3 Olearia  traversii 56 1 
 4 Plagianthus chathamicus 52 3 
 1 Olearia  traversii 43 1 
 12 Plagianthus chathamicus 21 2 
Mean dbh   58 (±25.38)  
 
1 In canopy gaps 6,7,9,10,12,13,14  at least one other tree was brought down by the gap maker. 
 2 Class: 1= uprooted; 2 = partly uprooted; 3 = broken stump; 4 = standing dead;  
5= limbs dead or broken.  
 
Site variables as predictors of canopy gap frequency 
At each canopy gap, five site variables were measured: aspect, slope, altitude, 
distance from forest edge and distance from the sea. Distance from the forest edge, 
and distance from the sea, affect canopy gap frequency, 9 of the 14 gaps were less 
than 100 m from the forest edge and 12 of 14 canopy gaps less than 300 m from the 
sea (Figure 4.15b, e).  
 A southerly aspect appears to be an important indicator of treefall. Eight out 
of 14 canopy gaps had an aspect between 0-40 degrees north. These would have been 
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created by a wind from the opposite direction, that is, between 140 –180 degrees 
south (Figure 4.15a). Slope was not a useful indicator of tree fall (note that the island 
is generally of gentle topography) with half the gaps having a slope of more than 10 
degrees and half less: range of 0º - 27º, mean slope 13.35º.  However, altitude does 
appear to be important, as altitude increases canopy gaps decline (Figure 4.15d).  
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Figure 4.15  Histograms of site characteristics of canopy gaps: a – aspect of the tree fall in 
degrees north, b – distance from bush edge, c – slope (degrees) d – Altitude (m) above sea 
level e – distance from the sea (m). 
4.3.3 Regeneration in canopy gap versus control 
The density of seedlings in all height classes (<15 cm, 15 <45 cm, 45 <135 cm) and 
saplings was greater in gaps compared to controls (Figure 4.16). A paired t-test found a 
significant difference in the density of all woody species in gaps compared with controls 
(Table 4.10). The difference between gaps and controls was most clearly demonstrated by 
the vigorous growth of the colonising canopy species Plagianthus and the understorey 
species Melicytus (Figure 4.16). Species present in gaps and controls reflected the woody 
species found in the 10 × 10 m vegetation plots on the island but additional species such as 
Coprosma, Hebe dieffenbachii (koromiko), Macropiper and Myoporum were found in gaps 
but not in controls. Similarly, these were not found in the exclosures so more was required 
for their regeneration than just excluding seabirds for a year.  
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                         Figure 4.16  Density per hectare of seedlings in three height-classes  
         and saplings found in 14 canopy gaps compared with 14 controls,  
         January/February 2003, South East Island.  
 
 
 
 
Table 4.10  Results from a paired t-test comparing mean number of woody species seedlings 
in canopy gaps and controls, South East Island, Chatham Islands Jan/Feb 2003.  
 
Woody species < 135cm             n Mean ± SE t-value P-value 
Gap 14 49.43 ± 5.80 6.606    <0.001*** 
Control 14 7.50 ± 1.96   
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            Figure 4.17  Density per hectare of all woody species, including seedlings in  
14 canopy gaps compared with controls on 30 transects on South East Island.  
 
 
Burrow density in gaps and controls 
A paired t-test found gaps had significantly fewer burrows than control areas, 
indicating that gaps deterred seabirds from burrowing for some reason (Table 4.11). 
 
Table 4.11   Paired t-test of the mean density of burrows in 14 canopy gaps 
compared with 14 controls on South East Island, Chatham Islands. P-values in bold 
indicate significance at the 95% level. 
No of burrows n Mean ± SE t-value P-value 
Gap 14 43.00 ± 8.23 -2.939 0.012* 
Control 14    66.64 ± 7.25  
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4.4  Analysis of old photographs and photopoints 
4.4.1  Old photographs 
Black and white aerial photos were taken in 1971 and 1987 at a scale of 
1:65,000. The canopy cover in 1971 appears to be sparse compared with the 1987 
photograph, with patches of bare ground within the forest visible, but no attempt to 
quantify this was made as the quality of the 1971 photograph was poor. It was not 
possible in either photograph to distinguish the canopy species.  Little change was 
found in the extension of the existing bush margins into adjoining pasture or 
bracken/Muehlenbeckia over the interval of 16 years between the two photographs. 
A colour aerial photo taken in 1997 again reveals little change in the forest margins 
where change would be expected (Island Bush, The Clears), though again, an 
increase in canopy density is noted from 1987 photograph particularly at Island Bush 
as well as an expansion of the connecting ribbon of forest from Whalers Bay to 
Island Bush. Overall, the forest boundaries appear to have changed little. 
Of the photographs viewed in private collections, those from Brian Bell’s 
1961 visit revealed the most dramatic changes on the upper western coast. In 1961 
there was a direct route to the summit above Skua Gully on hard packed clay (B.Bell, 
pers.comm., 2003) Today this is covered in dense regenerating forest with few 
burrows. A photograph taken on Bell’s same 1961 visit looking up to the Trig from 
Thinornis Bay shows remarkably little change in forest cover (Plate 4.3). The dense 
bracken cover is the same except today it is overlaid with Muehlenbeckia (Plate 4.4). 
Bell’s 1961 photograph taken from near the South Summit looking down to The 
Clears shows extensive wind damage to the forest margins with a wide swathe of 
fallen and bleached Olearia trunks, evidence of the damage that occurred on the 
island when the understorey was destroyed by grazing (Plate 4.5). 
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Plate 4.3   View in 1961 from Thinornis Bay to the Trig (highest peak). Former  
pasture is now bracken. Island Bush trees are on the right (Photo: B. Bell). 
 
 
 
Plate 4.4   View in 2003 from Thinornis Bay, to the Trig (centre peak). Bracken in  
Plate 4.3 above, is now covered in Muehlenbeckia but little forest has regenerated in 
the intervening 42 years. Island Bush trees are on the right of the photo  
(Photo: C.M. Roberts).  
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Plate 4.5  The Clears viewed from South Summit in 1961. Widescale storm damage to forest 
margins is caused when grazing stock open up the understorey to wind and salt storms. The 
southward facing Clears are particularly exposed and once the forest canopy is lost, erosion 
of the soil would make regeneration very slow (Photo: B.Bell).  The Clears from the summit, 
as they appear today, can be seen in Photopoint No. 8 (CD Appendix). 
 
4.4.2  Photopoints 
Eight photopoints were established in autumn 2002 (Figure 4.18). For 
logistical reasons the 2003 visit had to be scheduled in summer. Although no 
significant changes were expected in such a short period, the summer and autumn 
photographs revealed  seasonal changes in canopy species cover (Plate 4.6, 4.7), and 
are thus a consideration for timing of future photographs. Location of photopoints in 
Figure 4.18 were chosen to monitor canopy changes, particularly of Plagianthus 
(points 4, 5, 8), weed spread (points 2, 3), regeneration of pasture (points 1, 4, 7, 8) 
and expansion and contraction of forest on eastern slopes with regard to spread of 
Muehlenbeckia (points 5, 6). 
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Figure 4.18   Location of photopoints Numbers 1-8 on South East Island, Chatham Island.  
 
   78 
Chapter 4: Results 
 
Plate 4.6   Photopoint 5, May 2002, from the Trig looking toward the twin summits.  The 
brown vegetation is the deciduous Plagianthus.  
  
 
 
Plate 4.7   Photopoint 5, January 2003, from the Trig looking toward the twin summits.  
The Plagianthus, the brown vegetation in Plate 4.7 above, is now harder to distinguish  
from the other canopy species.  
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Plate 5  South East Island, (Rangatira), Chatham Island is distinctive for its tall  
forests (up to 15 m), which are dominated by the deciduous Plagianthus Chathamicus 
species (Photo: P. Knightbridge). 
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 Chapter 5 Discussion and Conclusions 
5.1  Forest structure and composition  
This study has shown that the forests of South East Island are unique among 
inshore and outlying seabird islands of New Zealand. Unique in that six of the eight 
forest tree species are endemic and unique in that the canopy species Plagianthus 
chathamicus the dominant canopy species of three of the five forest communities, 
representing around 60% of the forest, is a tall deciduous species (up to 15 m).  
The forests on South East Island have regenerated significantly in the 50 
years since the cessation of farming. While on the mainland Plagianthus is usually a 
colonising species, leading to a mixed species climax community, this may not be the 
trajectory for South East Island. In Woolshed Bush for instance, there were few 
potential canopy species other than Plagianthus present as seedlings, saplings or 
trees. Thus for the foreseeable future Woolshed Bush will be dominated by a canopy 
of Plagianthus. 
 In contrast, the upper forest of Top Bush is dominated by the Mixed Forest 
community, accounting for about 30% of total forest on the island. While the Mixed 
Forest community has all the canopy and subcanopy species present, the low number 
of Olearia and Myoporum saplings indicate that these will continue to play a minor 
role in the overall canopy structure. The densely regenerating Coprosma stands 
adjoining Kokopu swamp and on the north-western slopes in Top Bush may in the 
long term mean that Coprosma becomes a significant canopy species within a 
restricted range. The forests on the lower and upper terraces are fringed with Olearia 
and Myoporum, though these were rarely found in the forest plots except as mature 
trees (older than 45 years).  These two species were able to survive wind and salt 
storms when the forest understorey was opened through grazing.  
The island’s simple vegetation may not just be the outcome of the years of 
farming and possibly burning. Gilham (1956) suggested that on burrowed islands, the 
species present require long roots to seek out moisture and strategies to survive 
below-ground atmospheric conditions, where there is 10% higher humidity, and 
greater fluctuations in soil water content. Soil overlying burrows dries out rapidly 
during dry weather, whilst in wet weather, the presence of burrows facilitates the 
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percolation of water to lower levels, serving the deep-rooted species. Atkinson 
(1964) similarly identified the absence of a permanent stream, the porous nature of 
the soils and the role of moisture, as factors that could dictate the vegetation of an 
island. South East Island’s lack of moisture may explain the absence of the tree 
species found on adjoining Pitt and Main Chathams such as nikau (Rhopalostylis aff. 
sapida) and rautini (Brachyglottis huntii). An alternative explanation for the unique 
canopy composition is that when the  forest was cleared, some key seed dispersers, 
such as the Chatham Island woodpigeon (Hemiphaga novaeseelandiae 
chathamensis) were lost, essential for dispersal of nikau seeds.   
 
Canopy height and deciduous nature 
The relatively low canopy of other New Zealand seabird islands sets South 
East Island apart from other islands at this latitude.  The height of the canopy is 
generally less than 10 m for southern New Zealand seabird islands around Stewart 
Island and further south, where a low growing, wind-sheared profile is the norm. 
Fineran (1973) in his study of seven mutton-bird islands around Stewart Island notes 
the forests were dominated by Olearia lyallii and O. augustifolia, and ranged in 
height from 2.5 m in exposed areas to 10 m in sheltered hollows.  In the seabird 
islands around Coromandel and further north, a canopy height greater than 10 m with 
forest of pohutukawa (Metrosideros excelsa) and milktree (Streblus banksii) is not 
uncommon (Atkinson and Bell, 1973; Court, 1978; Cameron, 1990).  
Whether it is island evolution, or the nutrient rich soils, many of the forest 
species achieve greater height and diameter-at-breast height than their mainland 
equivalents. For instance Olearia traversii (that grows up to 15 m) is one of the 
largest daisies in the world. Coprosma chathamica is also the largest of all the 
Coprosmas (reaches 15 m and has stems with a dbh up to 1 m, (Wardle, 1991). Hebe 
bakeri, was extremely rare on the island but can also grow as a canopy tree. It is most 
closely related to coastal hebes in northern New Zealand (Wardle, 1991).  Similarly, 
Melicytus chathamicus, usually a subcanopy species on the mainland is often found 
in the canopy (up to 12 m height).  Cameron (1990) noted a similar unexpected 
height (8-10 m) for Melicytus ramiflorus spp ramiflorus on the more northern seabird 
Mercury Islands (36º 38' Lat) where it was growing in the canopy.  
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5.2  Factors affecting seedling establishment 
Burrow density  
Seabird activity significantly impacted on seedling establishment between 
2002 and 2003 (a mean seedling density of 24.86 ± 4.93 was found in the exclosures 
compared to the controls 3.76 ± 1.32, P = 0.001). South East Island is one of the 
most densely burrowed islands in New Zealand and amongst the most diverse in 
range of burrowing seabird species present (West and Nilsson, 1994). This latter fact 
makes density comparisons with other seabird islands in New Zealand difficult 
because burrow entrance size varies with body size.  In this study, burrow density on 
South East Island, as measured in 2002, ranged from 0 to 223 per 100 m² with a 
mean burrow density of 1.23 ± 1.59 m-². This is similar to a burrow density of 1.388 
m-² recorded by West and Nilsson (1994) in 1989/90 on the island, indicating that 
burrow density has not changed on the island over the last 12 years.   
Comparisons with figures from other seabird islands confirm the high density 
on South East Island. Mulder and Keal  (2001) recorded a density of 0.84 m-² on 
Stephens Island, Cook Strait. On the Mercury Islands, burrow density ranged 
between 0.39 and 1.54 m-² (Atkinson, 1964) and Warham and Wilson (1982) 
estimated sooty shearwater burrow density to be 0.84 m-² on the Snares Islands.   
No relationship was found between seedling density in the exclosure plots 
(sampled in 2003) and burrow density (r²=0.002, n=29, P = 0.806) as measured in 
the 10 × 10 m plots within which the exclosure/controls were placed. Similarly, for 
the control plots there was no correlation between the density of burrowing and 
seedling establishment in January/February 2003 (r² = 0.024, n = 29,  P = 0.421). 
This can be explained by a number of factors. Firstly, while burrow counts are a 
basic measure of seabird activity, the intensity of the activity varies during the year. 
Secondly, disturbance is not necessarily confined to the immediate vicinity of a 
burrow as birds crash land, trample around launching sites, snip seedlings and drag 
litter. Thirdly, body size is significant in the degree of disturbance. Sooty shearwaters 
(around 800 g) for example, have a large burrow entrance, displace large quantities 
of earth (their tunnels can reach 3 m in length) and less than 20 burrows would fit 
into a 10 ×10 m plot, while white-faced storm petrel (around 45 g) have very small 
entrances and short burrows and many more would fit into a plot. Thus, while 
burrow entrance count at the macro level is a useful indication of forest floor 
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disturbance, at the micro level it may be too simple a measure to give an accurate 
assessment of disturbance to seedling establishment.  
This difference in body size, and the density of burrows not equating to 
seabird disturbance of seedlings in exclosures, may also partly explain the fact that 
there was a significant relationship between burrow density and altitude, the higher 
the altitude the lower the density of burrows (ANOVA, F1,38  = 14.261, P = 0.0005). 
The sooty shearwater, the largest burrow-breeding seabird on the island, requires 
height for launching. It may favour higher altitude nesting sites and the size of the 
burrows would mean a lower burrow density in these areas. Another possible 
explanation is that the densely regenerating Coprosma and Melicytus plots are all 
found at high altitudes, and these all have low burrow counts, and finally the quality 
and depth of soil at lower altitudes (given the downslope movement of disturbed soil) 
may mean the availability of more suitable sites. 
When the burrow densities among the forest communities were compared the 
same patterns emerge.  Coprosma-Olearia forest had significantly lower density of 
burrows than any of the other forest communities except Mixed (P <0.05, Tukey’s 
HSD test), and these are all at a higher altitude. The dense regeneration in the 
Coprosma-Olearia forest appears to deter seabirds from burrowing but also inhibits 
seedling germination, (mean seedling change in the exclosures between 2002 and 
2003 was +5.5). These forests are very dark and almost all available forest floor 
occupied with saplings or young trees. Conversely, the highest density of burrows 
was found in the Plagianthus/Myrsine Forest (16,900 burrows per/ha or 1.693 ± 
0.170 m-²). All these plots were at a lower altitude, and this forest type also had a 
very low overall mean change in seedlings in the exclosures (+13), this may partly be 
explained by slow germination of Myrsine. Thus, the forest communities with the 
highest burrow density and the lowest burrow density both showed a trend to low 
seedling counts in the exclosures and controls but for very different reasons.   
The Plagianthus/Melicytus forest community had the highest mean change in 
seedling numbers in the exclosures between 2002 and 2003 (+34). While not 
statistically significant, this did indicate a trend, and reflected a characteristic of the 
two species, that the forest type was named after that is, Plagianthus and Melicytus 
they are both fast growing pioneer species. Plagianthus seedlings were the only 
canopy species found (except for 2 Myoporum) in the exclosures and of the 
subcanopy species, Melicytus was around 300% more common than Macropiper, the 
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next most frequent subcanopy species. Thus, not surprisingly, given the low diversity 
of seedlings found in the forest subplots, species diversity did not increase by 
excluding seabirds. Conversely, Maesako (1990) in his study found a significant 
increase in species diversity when seabirds were excluded.  
 
Seed germination behaviour as a factor in species diversity 
On South East Island germination behaviour of seeds, seed dispersal and seed 
predation could all be factors influencing the low diversity of seedlings found. Little 
ecological and physiological information is available on seed germination of New 
Zealand flora (Burrows, 1997a; Burrows, 1997b) and even less for the Chatham 
Island species.  
Seed germination of Macropiper excelsum and Melicytus ramiflorus (some 
similarities to Melicytus chathamicus) have been studied by Burrows (1995). He 
found these bird dispersed seeds can germinate quickly between 2-5 weeks (in light 
and in dark equally well), but if conditions are not right, seeds lying on the ground 
would form only a very short term seed bank (at most 2 months duration). Melicytus 
ramiflorus was found to suffer from heavy predation by the larvae of the moth 
Dipterina imbriferana. In another study of the germination behaviour of five species 
of Coprosma (all shrubs), Burrows (1999) found poor germination rates when seeds 
were left within the fruit tissues (i.e. the equivalent of not passing through a bird) and 
the majority of seeds germinated in winter. Seeds of Chatham Islands Myrsine and 
Coprosma collected for revegetation programmes  can behave very differently from 
mainland equivalents and can take between 3–12 months to germinate, and generally 
have  low seed viability (G. Santos, 2003, pers. comm., DoC nursery, Motukarara). 
More research on seed behaviour on the island species will need to be conducted 
before any conclusions can be drawn on the role of seed germination as a factor that 
limits seedling diversity.  
Flocks of parakeets (destructive seed feeders) in the forest could inhibit seed 
dispersal. Similarly, weta could be a factor in the lack of regeneration of these 
species, Mirams (1956) identified the effect of the weta (Hemideina thoracica) 
eating kauri (Agathis australis) seed a significant factor in the lack of natural 
regeneration of the species. Plagianthus seeds are wind dispersed but the seed 
clusters are relatively heavy and usually not dispersed far beyond the parent tree 
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(Burrows, 1994). However, because Plagianthus is widespread throughout the forest, 
dispersal over long distances is not an issue.  
In conclusion, the low seedling diversity in exclosures and controls reflects 
the paucity of Myrsine, Coprosma, Myoporum and Olearia found in the 10 × 10 m 
vegetation plots. It also explains the small change in seedling density found in the 
Plagianthus/Myrsine and Coprosma-Olearia forest communities, indicating that seed 
germination behaviour, seed predation and seed dispersal are all factors that need 
further research to determine their role, in addition to the impact of seabirds, that 
limit regeneration for these species.   
 
Seedling mortality due to predation and litterfall 
Seedling survival can be affected by herbivory (Jackson and Bach, 1999; 
Wahungu et al., 2002). On South East Island the high number of invertebrates, 
particularly weta, would be expected to impact on seedling survival. The dimensions 
of the wire mesh in the exclosures allowed invertebrates through, so high seedling 
survival in the exclosures cannot be attributed to the exclusion of herbivores. 
Seedling mortality, through litterfall, may be a factor in seedling survivorship on 
South East Island. In this study, the wire cages intercepting litterfall could account 
for the increased density of seedlings in the exclosures. In a study by Gilman and 
Ogden (2001) in North Island forests, seedling mortality from leaf litterfall was 
between 11-18%. On South East Island the exclosures were established in the latter 
part of April 2002 and at that time the bulk of the deciduous Plagianthus leaves had 
fallen. On returning in January/February 2003 for the seedling census, litter 
deposition on the exclosures was not heavy and rarely covered more than a small 
area of the cage. Gilman and Ogden (2001) concluded that the size and weight of 
units were important factors in the degree of damage and smothering of seedlings. 
Leaves of the main tree species on South East Island are all light.  
A much more likely scenario for seedling death is the constant disturbance of 
litter and seedlings by seabirds that crop grasses and herbs around burrows and drag 
leaves underground to line their nests (Warham, 1996). In the process of nest 
building, landing and taking off, newly emerging seedlings are trampled and 
deprived of litter cover that provides protection from drought.  
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Canopy cover and light  
On seabird islands, light limitation is not generally considered a factor 
limiting seedling regeneration (P. Bellingham, 2003, pers.comm., Landcare 
Research). A combination of storm damage and seabird activities keeps the canopy 
relatively open. Nevertheless, on South East Island with its tall, two-tiered canopy, 
light-limitation could have been a factor.  However, seedling density in exclosures 
was not significantly correlated with % canopy cover  (P = 0.09) using analysis of 
fisheye lens photographs. Given that the analyses of canopy cover found a significant 
difference among the forest communities, another result may have been expected. 
There are two explanations for this. Firstly, the two measurements were conducted at 
different times, and using different methods. The forest community measurements 
were an average across the four subplots in 10 × 10 m plots and were taken in 
April/May 2002 when the Plagianthus canopy had lost its cover. The fisheye lens 
photographs, taken directly above the exclosures and controls, were taken in 
January/February 2003 when Plagianthus was in full leaf.  Secondly, the Plagianthus 
forest community was only significantly different from the Mixed forest community, 
indicting that all other forest communities had similar light exposure when the 
dominant canopy cover, Plagianthus, lost its leaves. These findings are similar to 
Maesako’s (1999) study in a northern warm-temperate forest with a deciduous 
pioneer species (Mallotus japonicus), where no correlation between canopy cover 
and seedling emergence in seabird exclosures was found, except for the Mallotus 
japonicus deciduous species.  
  
5.3  Canopy gaps 
Little national or international work has been done on canopy gaps on seabird 
islands with which to compare the findings of this study. This is surprising, given the 
importance of gap theory to population dynamics of forest trees and to forest 
composition, structure and heterogeneity (Runkle, 1982; Brokaw, 1987; Schnitzer 
and Carson, 2001).  
The gaps on South East Island covered 0.73% of 6 ha surveyed and were 
generally small, with 12 of the 14 gaps having a mean area less than 31 m². These 
results are similar to tropical forest gap research. In a similar sized 5.2 ha study in a 
tropical forest, where treefalls opened up 0.8, 1.4 and 1% of the area in three 
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consecutive years (Lawton and Putz, 1988). In another tropical forest study on Barro 
Colorado Island (BCI), Panama, Schupp (1988) estimated that 0.63% (young forest) 
to 0.88% (old forest) of the forest floor is opened up each year to gaps. In contrast, a 
study of southern New Zealand temperate forests Stewart et al (1991) found gaps 
occupied a much larger area, approximately 8.5% of the forest. This reflects the 
larger height and diameter of the dominant tree species Nothofagus, which can grow 
up to 30 m tall with a diameter of 2 m compared to the dominant gap maker on South 
East which grows up to 15 m with a 1 m diameter. However, when data from 
permanent plots across the whole of New Zealand are compared turnover rates (1.4% 
per year) were found to be more similar to tropical forests (Bellingham et al., 1999) 
which is in keeping with findings on South East Island.  
Seventy-one percent of the gap makers on South East Island were mature 
Olearia (mean dbh 64.4 cm) and 21% mature Plagianthus (mean dbh 44.3). The 
most common form of treefall was uprooting (71%) much higher proportion than 
found by Schupp (1988) who recorded 41% gaps by uprooted trees and Stewart et al  
(1991) where 24% of treefalls were caused by uprooting. On South East Island, the 
high proportion of uprooted trees reflects the dense burrowing around tree roots, 
which loosens the soil, dries out the roots and weakens the trees, ultimately causing 
the trees to be prone to wind throw. The mature Olearia that made up the bulk of the 
gap makers, were remnants from farming years and are slowly disappearing from the 
forest. This will cause a drop in the potential source of gap-makers until the post-
farming Plagianthus reach the height, age and burrowed instability to fall. One 
scenario for the island’s forests is that these factors that cause a proneness to 
windthrow could eventuate in around 20 years time (when the mean age of the 
Plagianthus reaches 50 years).  At this point the forests would be very vulnerable to  
a massive blowdown.  
 
Regeneration in gaps  
Woody seedling regeneration in gaps was significantly higher than in 
adjoining controls (mean seedling density 49.43 ± 5.80 compared with controls 7.50 
± 1.96, P =.001). Burrow density was conversely much lower in gaps compared to 
controls (Gap burrow density 43.00 ± 8.23 compared with control 66.64 ± 7.25, P = 
0.012). 
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A low burrow density (and lower seabird activity), and significantly higher 
seedling establishment in gaps, may be explained by the faster growing species, fed 
by the nutrient rich soils, getting a head start, while seabirds numbers are lower 
during the non-breeding period. Thus, seedlings of sufficient density and height 
could deter seabirds from burrowing. The size of the gaps may in the end dictate the 
success of the regeneration, where small gaps may close over, halting the 
regeneration process before trees reach maturity. 
Resprouting, or growing prone then rerooting, is a common regeneration 
strategy for Olearia species where storm and wind damage have flattened trees 
loosened by dense burrowing. Olearia is only present in small numbers in South East 
Island’s forests and so this regeneration strategy is not as common when compared to 
reports of vegetation on other seabird islands (Fineran, 1973; Johnson, 1974; 
Johnson, 1982). Both Myrsine and Macropiper can regenerate from root suckers and 
form thickets and this was recorded in forest communities types where these species 
were present. Plagianthus does not resprout, sucker or coppice, relying on its fast 
growth as a pioneer species for its regeneration strategy. 
5.4  Conclusions and Recommendations 
South East Island’s forests, particularly Woolshed Bush are vulnerable to a 
blow down, given the even-age (most trees are less than 50 years old) of the 
dominant Plagianthus canopy, and the high density of burrowing seabirds, which 
loosen and dry out the tree roots. The density of burrows inhibits regeneration by 
disturbing litter and trampling seedlings. This study documented that the bare forest 
floor and open understorey has little new forest emerging to replace the current 
forest. These are all indications of a delicate, vulnerable system. 
Treefall gaps appear to inhibit seabird burrowing, gaps may make seabirds 
vulnerable to skua predation, but a more probable explanation is that seabirds are 
deterred by the density of seedlings that quickly emerge responding to increased light 
levels and nutrient rich soils.  Further research is needed to determine whether 
canopy gaps do in fact lead to long-term regeneration of the island’s forests, 
particularly, as the gaps found on the island were generally small, and where canopy 
closure may be fast. It is possible that further research may find that forest 
regeneration is confined to the few very large and infrequent gaps recorded on the 
island.   
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On Putauhinau Island (Stewart Island), Johnson (1982) noted the 
deterioration of the Olearia lyallii forest, which is an important saddleback 
(Philesturnus carunculatus) habitat. He suggested, that in the natural course of 
events, the plateau forest could die all at once, followed by the regeneration of an 
even-aged stand. This would mean that the quality of habitat for saddlebacks could 
deteriorate considerably over four to five year intervals, with consequences for the 
island’s carrying capacity for saddlebacks. Thus, to avoid a total collapse, he 
recommended making clearings to encourage young growth. 
A similar management strategy, to create canopy gaps, may be suitable for 
South East Island. The island is primarily a refuge for birds and these forests are the 
only habitat for a critically rare seabird (Chatham petrel) and critically rare terrestrial 
birds (black robin and Chatham Island tui). They are also the habitat for the not-
quite-so-rare but still threatened endemic red-crowned parakeet, snipe and Chatham 
Island tomtit. While seabirds such as the little blue penguin, white-faced storm petrel, 
common diving petrel and broad-billed prion, are common on the island, South East 
Island is, for many of these species, the most important breeding site in the Chatham 
Islands, and in some cases, New Zealand. Although attempts have been made by 
Department of Conservation to re-establish some of these species on Pitt Island 
within a predator proof fence in 2002 and 2003, this has so far been unsuccessful 
(black robin) or unproven (Chatham petrel juveniles have yet to return as adults to 
breed).  A change in habitat could impact seriously on their breeding success and the 
future viability of these species. 
Fierce competition for burrows between Chatham petrels and broad-billed 
prions that can lead to the death of the Chatham petrel chicks (Sullivan and Wilson, 
2001a), suggest a shortage of suitable burrow breeding areas. One solution to this 
may be to extend the forested area. The forest on the island occupies around 50% of 
the island. Since farming ceased large areas cleared of forest for pasture have not 
regenerated but have become a tangle of dense Muehlenbeckia and bracken. To date 
no accurate assessment has been made as to whether the forest margins are static, 
decreasing or increasing. A comparison of photographs taken in 1960 by B.D. Bell 
and by the author in 2002 indicate the forest area has not increased as rapidly as 
might be expected, particularly around Island Bush on the eastern aspect of the 
island. There may in fact be areas where forest cover is decreasing due to forest 
   90 
Chapter 5: Discussion and Recommendations 
dieback from invading Muehlenbeckia.  Photopoints retaken every three years would 
provide information on managing these parts of the island.  
An additional or alternative strategy to creating forest gaps for regeneration 
would be to create gaps in the Muehlenbeckia and bracken for new plantings, thus 
increasing forested areas that appear at the moment to be under pressure to support 
both seabird and terrestrial species.  This is on the assumption that forested areas are 
more beneficial to birds than the Muehlenbeckia and bracken. Such an assumption 
would have to be tested by a survey of this vegetation. If forested areas were shown 
to be a more beneficial habitat then it is suggested that clearings be made 20 m x 20 
m and planted immediately to prevent weeds found on the island establishing, 
particularly blackberry and thistle that have colonized disturbed soil around the hut 
and radio mast. An ideal area to begin such clearings and plantings is on the 
protected side of bush patches such as Island Bush. Here, the forested area could be 
extended with a series of clearings and plantings so that eventually Island Bush 
would meet Eastern Woolshed Bush. The lower terrace would appear to benefit most 
from extension as it is in this area that the higher concentrations of burrows are found 
as well as the higher concentrations of forest bird species such as black robin (E. 
Kennedy, pers. comm. 2003, DoC.). 
An examination of seedling regeneration in the forest vegetation survey, in 
the exclosures and in the canopy gaps suggest there is still much to be learnt about 
seed dispersal and germination of the Chatham Island species, though clearly the 
defining factor in seedling survival is the impact of seabird activity. This activity, 
which disturbs seedling establishment and undermines the root systems of the 
existing even-aged forest through intensive burrowing, intimates that a major 
windthrow disturbance, creating a large (more than 500 m²) canopy gap, is a likely 
scenario (particularly in Woolshed Bush). This would seriously impact on the quality 
and area of habitat for both seabirds and terrestrial birds.  
While a fullscale restoration project such as that planned for Mangere Island 
(Atkinson, 2003) is not appropriate, some limited restoration work to extend the 
forested area and/or create canopy gaps to create a differently aged mosaic of forest 
should be set in motion now, to avert a possible habitat crisis. This strategy would 
continue to expand the available habitat for the rare and threatened forest birds and 
forest-breeding seabirds on the island.  
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5.4.1  Specific recommendations 
1. Remeasure seedling density in the 30 exclosures in March/April 2004 and 2005. 
These results will provide information on seedling survivorship and whether species 
other than Plagianthus and Melicytus will emerge in the next twelve months. The 
exclosures should be viable till 2005 but will then need to be removed or replaced. 
They will determine what species are slower germinating and if seedlings, without 
the seabird interference, are able to survive beyond one year under the canopy.    
 
2. Remeasure the vegetation plots in 2007 (in five years) to determine any significant 
changes in forest composition and structure. Any significant changes would alert 
Department of Conservation managers of altered forest habitat and the implications 
for forest bird species.  
 
3. Conduct Further research on fruiting frequency, seed dispersal, seed viability and 
germination of South East Island forest tree species to assist in the management of 
the forests as a quality habitat for the forest birds. 
 
4. In autumn 2005 retake the photos from photopoints (3 years from first 
photographs) to determine changes in weed spread, changes in canopy composition 
and structure, Muehlenbeckia spread and forest regeneration into pasture. Autumn is 
recommended, as the dominant deciduous Plagianthus is most readily distinguished 
at this time. 
 
5. Resurvey the canopy gaps in 2004/5 to identify seedling and sapling survival and 
the rate of canopy closure. At the same time, resurvey all the transects that were 
established in 2003 to identify and survey any new canopy gaps as part of an ongoing 
programme to identify forest turnover and changes in forest structure and 
composition through canopy gaps. 
 
6. Request as part of island duties, that Department of Conservation staff notify the 
Wellington Conservancy Forest Ecologist, responsible for Chatham Island forests of 
the position and approximate size of any large canopy gaps (> 100 m²) or blow 
downs on the island so a decision on monitoring can be made. 
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7.  Identify suitable areas for clearing of Muehlenbeckia and bracken (e.g. an east-
west axis between Island Bush and Eastern Woolshed Bush) and survey the use of 
these by birds for foraging and nesting and the abundance of other species. 
 
8. If the outcome of the Muehlenbeckia and bracken survey indicates this is not an 
important habitat for forest birds, seabirds or other species clear three 20 m x 20 m 
areas of Muehlenbeckia and bracken and plant clearings with Olearia, Myoporum 
and Myrsine fringe with flax and manage for weeds.  The purpose of this would be to 
begin extending the forested area of the island currently under pressure from the 
density of burrowing seabirds and the size of forested area on the island may also be 
a factor limiting forest bird territory and reproduction success. 
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         Plate 6. `Fini’ - final measurement, gap-control No 14. The team:  
         Richard Duncan, Roz Heinz, Cynthia Roberts and Kerry-Jayne Wilson.  
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Plot Description Rangatira Appendix 1 
Plot No: Date:_I __ I02 Surveyed by: ___ Recorded by: __ 
Track: __________________________________ _ 
Plot Photo Film No: _________ Frame No : _____ _ 
Photo: Exclosure: _______ Control: ______________ _ 
Aspect: _______ Slope: Altitude: ________ _ 
Ridge/face/gully/terrace Convex/concave/flat 
Drainage: poorlmecJ.iilmlgood 
Cores Taken: yeslno Distance from sea ________ _ 
Cover/abundance scale 
Percentage Cover 
<1 
1-5 
6-25 
26-50 
51-75 
76-100 
Exposed roots 1 
Limbs/logs 
Litter 
Bare ground 
Rock 
Tracks" 
Ferns 
Canopy 
Herb/grass 
Muehlenbeckia 
A 
Cover Class Recorded 
1 
2 
3 
4 
5 
6 
QUADRAT 
B C D 
Seabird Burrow Entrance Counts 
! Total 
Comments: 
Birds present: 
Location: 
Random No: ____________ _ 
Distance along track: _____ _ 
Side off track: left/right 
Distance from track: ___ _ 
Bearing from track: _____ _ 
Grid Ref: ______________ _ 
GPS: ________ _ 
Sketch 
Soil depth/friability: 
1 = very soft 
2 = soft can walk with boards 
3= firm ground, boards not 
required 
1. Exposed roots - dropped as a useful indicator of disturbance. Burrowing and then wind moving loose 
soil often created piles of soil against tree trunks as much as exposing roots on the surface. Underground 
damage to roots was not able to be assessed. 
2. Tracks - dropped as not easily identified. 
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Stem Diameter Data Sheet Rangatira Appendix 2 
Plot No: Measured by: ______ _ 
Grid Ref: Recorded by:, _______ _ 
GPs: ____ _ Date: __ I __ /02 
Sub Species 1 Saplings3 Diameter No of Canopy Core Comments
S 
stems 2 plot Sub-
canopy 
Lianes 
Note 1: D == dead AD == almost dead after species 
Note 2: No of stems of main tree counted only largest diameter counted 
Note 3: Sapling == over 1.35m and> 3 DBH 
Note 4: Cores taken from largest tree in each subplot and 50cm above ground 
Note 5: If tree is horizontal sample 1.35cm along the trunk 
taken4 
.. 
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Understorey Subplot Sheet Rangatira Appendix 3 
PlotNo: __ Grid Ref: ___ _ GPs: ___ _ Date: _1_102 
Measured by: ______ _ Recorded by: _____ _ 
Subplot Species <15 16- 45 46 -75 76 - 105 106 - 135 > 135 Notes 
.. 
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Exclosure/Control Data Sheet - Rangatira Appendix 4 
Plot No: Date: __ 1 __ /03 Measured by: __ Recorded by: __ 
S dl' ee lDJ !s E l xc osure 
Species <5cm 6- 10-
10cm 15cm 
Species 02 02 ,02 
found 02 
Exclosure 03 
Percent Meu 
Cover aus 
0 
<1 1 
1-5 2 
6-25 3 
26-50 4 
51-75 5 
76-100 6 
Data from 02 visit 
Exclosure 02 
Percent Meu 
Cover aus 
0 
<1 1 
1·5 2 
6·25 3 
26·50 4 
51·75 5 
76·100 6 
Comments 02: 
Canopy 
Canopy 
16 -
20cm 
02 
Litter 
Litter 
S dr ee lDgS CONTROL 
Species <5cm 6- 10- 16 -
10cm 15cm 20cm 
Species 02 02 02 02 
02 
CONTROL 03 
Percent Meu Canopy Litter 
Cover aus 
0 
<1 1 
1-5 2 
6-25 3 
26-50 4 
51-75 5 
76-100 6 
CONTROL 02 
Percent Meu Canopy Litter 
Cover aus 
0 
<1 1 
1·5 2 
6·25 3 
26·50 4 
51·75 5 
76·100 6 
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Canopy Gap Data Sheet - Rangatira Appendix 5 
Track ____ Transect No __ Gap No __ Distance along transect ___ UR 
Date_'_'_03 Surveyed by __ Recorded by __ _ Film No: Frame: 
Slope __ Aspect __ Topo R' G' F' T Fragility: 1 2 3 (1= impos 2= bds 3= no bds) 
Altitude _____ ,Dist from bush edge ____ sea ____ _ 
Sketch Lgth_m Wdth _m Pt of Int ___ m No of subplots __ _ 
Random Nos _____ _ 
1 2 
4 3 
Burrow Count:: quad 1 __ quad 2 __ quad 3 __ quad 4 __ Total __ 
R = Recent <1yr (leaves still visible) 
Time since gap made (circle): R' M , L M = Medium term < 5 years (no twigs left) 
L = Long term> 5 years (limbs fallen) 
G k apma ers: 
Species DBH * Class *** 
*** Class 1 = uprooted; 2 = partly uprooted; 
3 = broken stump; 4 = standing dead; 
5 = limb dead or broken 
Tree most likely to fill gap ______ dbh _____ ht, ____ _ 
Average height of canopy <5m/ 6-10m/>l1m Main canopy species ___ _ 
Sub Species < 15cm 16- 46- Sapplings Trees NOTES: eg coppicing, 
plot 45cm 135cm > 135 dbh phenology, birds, 
< 3cm dm lianes 
ctd over page 
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Appendix 6 
CD DATA 
I. PLOT LOCATIONS: Scanned images of sketch maps, giving the location of 40 
vegetation plots on South East Island sampled Marchi April 2002. 
II. PHOTOPOINT LOCATIONS: Scanned images of sketch maps, giving the 
location of 8 photopoints on South East Island established in 2002 and GPS 
references. 
III. PHOTOPOINT PHOTOGRAPHS: taken at 8 photopoints on South East 
Island in April 2002. 
IV. DATA FILES 
A. VEGETATION PLOTS: includes plot description, site variables, trees, 
saplings and understorey species lists. 
B. EXPERIMENT: Exclosure and Control data 
C. CANOPY GAPS: Canopy gap and controls data, site variables, species 
lists and burrow density. 
V. FISHEYE LENS PHOTOGRAPHS 
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